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nuclear instruments. 


outstanding in 
PRECISION & STABILITY 


is lediitita i 
ge 


Non-Overload 
Amplifier 
and Single Channel 
Pulse Height 


Analyzer 
Model N-302 


For: Scintillation Spectroscopy * Single Component Monitoring * Proportional Counter Pulse Analysis 


© Amplifier: Risetime, 0.2 microsec- 
onds; feedback stabilized gain, 20,- 
000 max. (10,000 max. with 1 base line with 50 millivolt per day 
microsecond delay line clipping); stability; 0-10 volt window with 
0-100 volts output with better than 1% stability at 1 volt; rate de- 
0.2% linearity; handles large over- pendence, less than 10 millivolts 
loads with minimum base line shift. window shift at 200,000 C.P.S. 


* Pulse Height Selector: Resolving 
time, 1.2 microseconds; 0-100 volt 


* Combination provides the ultimate 
in reliability and stability. Designed 
to handle most pulse amplification 
and height analysis problems encoun- 
tered in the nuclear field today. 


Regulated 
High Voltage 
Power Supply 
Model N-401 


Continuously Variable * The Ultimate in Stability 


@ The Model N-401 is a new con- 
cept in regulated power supply de- 
sign—it provides up to 5 MA of 
current and negative or positive DC 
voltage—continuously variable from 
500 to 1800 volts. 


1000 volts—Output impedance, 2.5 
ohms. 


® Low noise and ripple; less than 1 
MV RMS. 


® Designed for use with scintillation 


and proportional counters or for gen- 
against line eral laboratory use—anywhere the 
uitimate in stability is required at a 
reasonable price. 


WRITE FOR 
DESCRIPTIVE 
BROCHURES AND PRICES: 


® Unmatched = stability 
change; less than 0.003% per volt— 
Regulation, 0.0025% per MA @ 


These are only two of the many outstanding Nuclear 
Instruments produced by Hamner. Others include 
Mercury Switch Pulsers, Scalers, Photomulti- 

plier Preamplifiers, Logarithinic Count 

Rate Meters, 500-5000 volt high cur- 

rent supply for photomultipliers. 


Hamner Electronics 
Co., Ine. 


See us at the Atom Fair Show in Chicago, March 17-21 
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Thermonucleonics 

In an article on controlled thermo- 
nuclear power that we published some 
time ago, we were unsuccessful in put- 
ting into the author’s mouth a term 
that appealed to us as a name for the 
field—thermonucleonics. The gentle- 
man in question said, politely, “If you 
want to coin the word, you take the 
responsibility for it!” 

And so here we are doing just that. 
The column on p. 84 is a modest begin- 
ning in what we expect one day will be 
a rather important part of the editori- 
It’s a 


al coverage of NUCLEONICS. 


mechanism for keeping our subscribers 
posted on a continuing basis on techni- 
cal and nontechnical developments. 
The sparkplug (or perhaps we should 
say the spark discharge) behind the 
fus. n reporting that NucLEONICs has 
done thus far—and that we will do in 
the future, including the new column 
is physicist Dan Cooper, who finds that 
his soul requires that he supplement his 
managing editor responsibilities with 
“keeping in touch with good physics.” 
And so, despite the inordinate obstacles 
imposed by secrecy, he has tried to plow 
through the woods of Project Sherwood 
and has, in fact, been able to keep tabs 
on some of the interesting happenings. 


Making Sense of Cents 


Some months ago we sensed that dol- 
lars and cents were the root of all evil 


CATCHING THE NUCLEONIC DOLLAR. Hy Phillips (2nd from right) and Roy Thompsen 
(left) guard our artistic interests as this month's cover photograph is taken 


in the nuclear business, that nuclear 
power costs were not doing what every- 
one wanted them to do—go down. 
Because the direction in which costs 
were going—up—resulted in misinter- 
pretations of the health of the nuclear 
industry, we decided to try to do a little 
bit of “unconfusing” at the risk of 
making things worse by arranging for a 
series of articles on nuclear power costs. 
Then, suddenly, costs became the No. 
1 story of the industry. 

Thus, instead of waiting, we quickly 
decided to bring together in this issue 
(p. 46) a collection of material that fell 
very logically under the title, ‘‘ Under- 
standing Nuclear Power Costs.” 

The report on the American Nuclear 
Society symposium on fuel costs (p. 50) 
was born over a dinner table before the 
symposium. In the process of break- 
ing bread with the speakers on the 
panel, our editors found that even 
though no one seemed to have any 
hard and fast answers on costs there 
was a worthwhile job to do in reporting 


the areas of agreement and confusion. 


The Falling Dollar 


While you can’t tell a book by its 
cover we do feel that it’s very important 
to package each issue of NUCLEONICS as 
Cover ideas 
originate in a that 
editors and art directors together to 
kick around the 
Actual implementation is the responsi- 
bility of the Art Department, and so it 
was that Art Director Harry Phillips and 
Assistant Art Director Roy Thompsen 
got involved with getting a picture of 


interestingly as possible. 
conference bring 


possible subjects. 


falling silver dollars for this month’s 
cover. For picture of them in action, 
see figure on this page. 

—The Editors 





NUCLEONICS 

Engineering''), Jonuary, 1958, 
the McGraw-Hill Publishing Co., Inc., James H 
Editorial, Circulating and Advertising Offices 
36, N. Y. Publication Office, 212 East York St., 
regarding subscriptions or changes of adelress 
Gerardi, Executive Vice President; L. 


(with which are consolidated 
Vol. 16, No. 1. 
McGraw 
McGrow-Hill Building, 330 W. 42nd Street, N. Y. 
York, Pa. 
Donald C. McGraw, 
Keith Goodrich, 


Power'’ and ‘Atomic 
Published monthly by 
(1860-1948), founder. Executive, 


“Atomic 


See panel below for directions 
President; Joseph A. 
Vice President and Treasurer; John J. 


Cooke, Secretary; Nelson Bond, Executive Vice President, Publication Division; Ralph 8. Smith, 
Vice President and Editorial Director; Joseph H. Allen, Vice President and Director of Advertis- 


ing Sales; A. R. Venezian, Vice President ond Circulation Coordinator. 


United States Subscrip- 


tion rate for individuals in the field of the publication $8 per year; Canada, other Western 


Hemisphere countries, and 
yeor. Single copy prices 
where, $2. Position and 


United Stotes, 
company 


U. S. Patent Office. 


the Philippines, $10 for 
United States possessions, and Canada, 
connection must 
Second-class mail privileges authorized at York, Pa 

(€) Copyright 1958 McGraw-Hill Publishing Co., all rights reserved. 


$15 for 1 
$1; else- 
be indicated on subscription orders 
Printed in U. S. A. Title registered in 


year; all other countries, 





SUBSCRIPTIONS: Send subscription correspondence and change of address to Subscription 


Manager, NUCLEONICS, 330 W. 42nd Street, New York 36, N. Y. 


Subscribers should 


notify publisher promptly of any change of address, giving old as well as new address, 


and including postal zone number, if any. 
recent issue of the magazine 


If possible, enclose an address label from a 
Please allow one month for change to become effective. 








Postmaster: Please send form 3579 to NUCLEONICS, 330 W. 42nd St., N. Y. 36, N. Y. 


4 


Coming Features in 
NUCLEONICS 


Next Month 
Industrial Heat Reactors 


Reactor Foldout 4— 
Vallecitos BWR 


Gas-Cooling Thermodynamics 


Later Months 
Nuclear Patents 


Special Report on Control Systems 








BaW Progress Report: 
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B&W Fuel Elements, designed for Brazil and enriched 
to 20% U235, shown during critical experiment. 


Validating Core Design of Research Reactors 
Using 20% Enriched Uranium Elements 


To confirm calculations of critical mass require- 
ments for export research reactors using 20%- 
enriched uranium alloy, B&W conducted validating 
critical experiments with Hi-U (high-weight 
uranium-aluminum alloys) fuel elements. These are 
the elements now being supplied by B&W for South 
America’s first swimming pool reactor at the Uni- 
versity of Sao Paulo in Brazil. The critical experi- 
ment conducted at Pennsylvania State University 
under conditions duplicating those expected in 
Brazil is typical of the thoroughness and sound 
engineering traditional at B&W. 

The Sao Paulo reactor, which was designed and 
built by B&W, will serve as a source of neutrons and 
gamma radiations and play an important role in 
Brazil’s contribution to the fields of medical, bio- 
logical and industrial nuclear research. Great flexi- 
bility in the arrangementof fuel elements and methods 
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of irradiation make the B&W swimming pool re- 
actor an adaptable, versatile research tool. This 
type of research reactor has the lowest cost to flux 
ratio of all available designs. 


In addition to research reactors and fuel elements, 
B&W designs, manufactures and services complete 
nuclear power and experimental reactors and a large 
variety of reactor system components. Write today 
for further information. The Babcock & Wilcox 
Company, Atomic Energy Division, 161 East 42nd 
Street, New York 17, N. Y. AE-45 


BABCOC. 
t WILCOX, 


ATOMIC 
ENERGY 
DIVISION 





nondestructive testing 


300 KV 

RADIOGRAPHIC 

INSPECTION 
~ CABINET 


Bar-Ray Cabinets are designed and 
built, in power and size, to meet all 

types of radiographic inspection 

requirements. 

e The 300 KV unit shown is 14 long x 4’ wide x 

10’ high and weighs approximately 20,000 lbs. 

e The 1500 lb. doors are motor operated and 

equipped with all safety controls. 

e Loading tables are moved into exposure posi- 

tion from both sides of cabinet. 

e Lead lined throughout to meet all safety Doors raised showing 300 KV tube, and 


requirements. loading table in position for exposure 


Complete detailed specifications on request 


SOLD THROUGH YOUR DEALER SEND FOR OUR LATEST CATALOG 


You are cordially invited to visit our plant and tour its facilities 


BAR-RAY PRODUCTS, INC. 


209-25th Street, Brooklyn 32,N.Y. Telephone: SOuth 8-1020 


January, 1958 - NUCLEONICS 





cOnTRaz 


XQ 
* 
i KS 
4 ) 
ps7 oucn 18 a a 


metals 
improved 
by forging 
provide 
highest 


strength-to- 
weight ratio, e “symbol of forged quality” on parts used in the 
; Re” nuclear field. At top, a 10 Ib. cup forging, 44% di- 
best ' 4 ometer. Directly above, on 18 Ib. forged fixture hook. 


performance 
and ultimate 


ia AT KROPP continuous, all-inclusive quality control through 


modern laboratory techniques determines the best forging procedures and assures the 
production of forged parts to exacting specifications. Before forging, through all production 
processes and after completion, forgings are constantly subjected to rigorous tests and 
inspection. Such examination controls the ultimate properties of hardness and grain flow... the 
qualities of static impact or fatigue ...and the determination of incipient or hidden defects. 
Quality control is one of the major factors in the production of metal parts at their best... 
forged parts that will serve you better. Our 
laboratory, part of our complete facilities, 
is at your service. 


FORGE COMPANY 


LLIN 
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central station 
power 


CLOSED-CYCLE. 
GAS-COOLED 
REACTOR 


propulsion 


process heat 


For latest information on FICo’s 
progress toward development 
of the closed-cycle gas-cooled 
reactor—or for information on 
FICo’s abilities in reactor con- 
trol, instrumentation, and reactor 
components — Write: 


° FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION @¢ 31-10 THOMSON AVENUE, LONG ISLAND CITY 1, N. Y. 
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experience 
ware ane 


ith more than four years of successful experience in fabri- 

cating uranium alloys, zircaloy components, control rod 
drive mechanisms, fuel plates, etc., the L&S Machine Company 
Inc. concentrates on reducing costs. L&S Inc. is an accredited 
AEC Accountability Station staffed with "Q” & "L” cleared per- 
sonnel. Whether your fuel processing plans are immediate or for 
the future you may want to take advantage of the cost savings 
inherent in our operations. As an added measure, to expand 
our capability in the nuclear field, L&S Inc. has retained the 
Nuclear Science and Engineering Corporation of Pittsburgh, 


Penna., one of the country's leading consulting firms 


gives you lowest cost 





INQUIRIES FOR FIRM 
PRICE QUOTATIONS 
PROMPTLY ANSWERED 


Write or contact Department T-4 


L&S MACHINE CO. Inc. 


BOX 317, R.D. 2 * LATROBE, PENNA. 
Phone GReensburg 6270 
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ZIRCONIUM DATA AND ASSISTANCE AVAILABLE TO YOU FROM CARBORUNDUM METALS: 








PRICE SCHEDULE AND DATA SHEET— Zr Sponge — Provides complete price schedule, specifications 
and packaging information for reactor and commercial grade sponge. 


PRICE SCHEDULES AND DATA SHEET— Zr Ingot—Includes price schedule, specifications, 
and certification information on both reactor and commercial grade ingots. 


MILL PRODUCT PRICES — Welded or seamless zirconium tubes, zirconium sheet, strip, bar, rod, wire and foil. 


“MORE Zr FACTS" — Published by The Carborundum Metals Company, devoted to 
progress in zirconium technology. A continuing source of technical information — distributed without charge. 


ENGINEERING ASS!ISTANCE— Our staff of highly qualified Metallurgical Engineers, all 
zirconium specialists, are available to recommend and assist, without obligation. 


MORE ZIRCONIUM INFORMATION ON 
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. .. REACTOR GRADE ZIRCONIUM SPONGE 


oh 




















at lowest price 
ever offered for 


immediate delivery 


SPECIAL NEWS TO NUCLEAR REACTOR DESIGNERS AND BUILDERS: 





Reactor grade zirconium sponge is available for delivery now at the lowest price in zirconium history — 


$7.50 Ib. for 1,000 Ib. lots F.O.B. from the industry's pioneer producer -THE CARBORUNDUM METALS COMPANY. 


Increased efficiency in zirconium production at Carborundum Metals provides new customer savings. 
Volume is up at two completely integrated plants to the point where zirconium can be sold at the lowest published 
price ever offered by any manufacturer, anywhere —in these quantities for immediate delivery of the 
same high quality metal. To reactor designers and builders, this news is of special significance — zirconium can 
now be specified with definite assurances of a lower price, uniform high quality and dependable delivery. The 
outstanding nuclear, corrosion and strength properties of zirconium are available to add to the efficient performance 
of every reactor. Reactor builders are urged to submit orders early for production scheduling. 


m@® Commercial grade sponge prices have also been reduced. 


@® Prices on zirconium INGOTS, both reactor and commercial grade, are also available based 
on the new lower sponge prices. 


Write today for our new price lists and technical data. Address inquiries to Dept. NU 91-725. 


THE CARBORUNDUM METALS COMPANY, Akron, N.Y., U.S.A. Division of THE CARBORUNDUM COMPANY 


Production Pioneer of ZIRCONIUM 


CARBORUNDUM 


REGISTERED TRADE MARK 
[ Volume Production of Reactor Proved Metal Makes 66% Price Reduction Possible: 1953— $22 |b. ; 1957—37.50 Ib 


1. my 
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COLLEGES AND UNIVERSITIES 
COMPLETE NUCLEAR 


a 


=e 


A typical student nuclear engineering laboratory. 4 
At the left background is a well scintillation 
counter, scaler, and timer. On the same bench 
at the right is an automatic strip foil analyzer. 
An alpha survey meter and beta-gamma survey 
meter rest on top of the bench. 





To the right, in front of an automatic gamma-ray 
recording spectrometer, a student surveys the 
area with a portable slow/fast neutron monitor. 
At the reactor, students make measurements 
within the uranium lattice with BF; counters. 


At the right a student uses a scintillation de- 
tector in a manual sample changer. Beside him 
are two student counting systems. On the table 
in the foreground is an ion chamber type survey 
meter. These instruments, manufactured by 
Nuclear-Chicago, are all typical nuclear training 
tools which will contribute importantly to any 
nuclear engineering curriculum. 





Instructor demonstrating insertion of aluminum 
tube into grid assembly in the Model 9000 Stu- 
dent Subcritical Reactor. 275 of these tubes, con- 
taining uranium fuel in the form of 1” x 8” slugs, 
are arranged in a hexagonal pattern in the reactor. 
Since the moderator is water, students actually 
can see the exact position of a detector or foil 
placed at any point within the uranium lattice. 
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... NOW YOU CAN HAVE YOUR OWN 
TRAINING LABORATORY 


Nuclear-Chicago announces a completely new package program to provide exclusive subcritical 


reactor, all nuclear instrumentation, and detailed experiments for your nuclear technology program 


Instructor loads reactor with neutron 


Now you can answer this country’s critical need 
for trained nuclear scientists and engineers by 
instituting a complete Nuclear-Chicago equip- 
ped laboratory and training program. 

Key unit in this comprehensive “‘package”’ lab- 
oratory is the new Model 9000 Student Sub- 
critical Reactor. Water-moderated, and using 
a neutron source and natural uranium as the 
fuel, the Student Reactor is absolutely safe to 
operate, simple in construction, inexpensive to 
maintain, and ideally suited for teaching pur- 
poses. The entire assembly is installed with a 
walkway to provide easy student access to the 
reactor’s interior. 


Complementing the Student Reactor is a care- 
fully selected, integrated group of radiation 
detection and recording instruments. Designed 
for both group and individual experiments, the 
instrumentation includes gamma-ray scintilla- 
tion spectrometer assemblies, fast and slow 
neutron counting systems, foil counters and an- 
alyzers, student alpha, beta, gamma counting 
systems, and portable monitoring instruments. 


Nuclear-Chicago supplies a manual providing 
detailed instructions on more than 30 nuclear 
experiments directly related to the Student 
Reactor and associated nuclear instrumenta- 


Strip Foil Analyzer is one of several sys- 


tion. Experiments are designed to familiarize 
students with basic nuclear detecting and meas- 
uring devices and analytical methods, and to 
provide actual reactor work in determination 
of neutron flux, neutron activation, and other 
reactor properties. A typical course outline will 
be supplied by Nuclear-Chicago and special 
programs can be prepared to meet the par- 
ticular needs of any educational institution. 


Nuclear-Chicago is the only manufacturer able 
to provide a Student Reactor, complete instru- 
mentation, and the nuclear course curriculum. 
For full information, write Nuclear-Chicago 
today expressing your interest in this vital ad- 
dition to your training and teaching facilities. 
A representative will call on you, explain com- 
plete details of the AEC assistance program, 
and give help on making requests for funds and 
fissionable materials from the Atomic Energy 
Commission. 


nuclear - chicago 


Cc @ et ror ATi gw 
235 WEST ERIE STREET - CHICAGO 10, ILLINOIS 


Typical student counting system for indi- 


source which is generally placed in the 
center of the uranium lattice. Calibrated 
mechanism supplied with the reactor may 
be used to position source anywhere within 
the structure for experimental purposes. 
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tems for group experiments. Strip foil 
activated in reactor is drawn automatically 
past Geiger tube in analyzer. Recording 
shows exponential decrease in activity 
along radius of uranium lattice. 


vidual experiments includes scaler, timer, 
manual sample changer with thin window 
Geiger tube, absorber set, alpha-beta- 
gamma source kit, and set of uranium, 
silver, gold, and indium foils. 
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Harshaw Sodium lodide (Thallium) 
Scintillation Crystals for gamma 
radiation detection instruments 


“Harshaw Quality” . . . 
inherent in each Harshaw-made crystal 


The high purity, clarity, and proper activation of 
Harshaw Crystals are a natural result of our long 
pioneering experience in the delicate art of crystal 
growing. 

Harshaw Purity means light absorbing impurities 

are reduced to infinitesimal traces. 

Harshaw Clarity gives highest possible transmission 

of the crystal’s own emitted light. 

Harshaw Activation means the optimum thallium 

concentration ensuring maximum energy conversion. 
Our crystals are normally supplied hermetically sealed 
in aluminum containers engineered to secure maximum 
light collection. We will custom design these units to 
fit your specific requirements. Harshaw crystals are 
currently used in nuclear physics research, well log- 
ging, uranium prospecting, medical research, and in- 
dustrial process and product control. 
No need to specify “‘Harshaw Quality” .. . you get it 
automatically when you order Harshaw Crystals. We 
encourage requests for technical assistance. Prices, 
specifications, or other information will be sent in 
answer to your inquiry. 


HARSHAW 


OTHER HARSHAW SCINTILLATION CRYSTALS AVAILABLE IN THE FOLLOWING FORMS: 
Potassium lodide (Ti) * Cesium lodide (Tl) * Cesium Bromide (TI) 
Anthracene « Stilbene © Naphthalene 
Lithium lodide (Eu) for neutron detection . Sodium lodide (rough cut blanks) 


THE HARSHAW CHEMICAL CO. 


1945 EAST 97TH STREET ° CLEVELAND 6, OHIO 
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New Technical Digest 
Write for data o 
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NEW/METALS FOR INDUSTRY OTe) Ei isstotr-Oa, F-baleolal- tm OCleolaeclela-tilela 
d Nation Rese } 
Sr lt8 C 4-FEe 70 Memorial Drive, Cambridge, Mass. 


Vol. 16, No. 1 - January, 1958 





Take a look at the record... FOR RESEARCH REACTORS 


Active since the very beginning of 
the civilian atomic energy program, 
AMF Atomics has steadily grown in 
stature as one of the world’s leaders 
in the peaceful application of the 
atom. Within that time, AMF has 
built a stockpile of experience in 
nucleonics that is unique. 

It is, today, the world’s leader in 
the design, development and con- 
struction of research reactors. Sev- 
eral AMF reactors are already in 
operation—a number are nearing 
completion—and there are many 
others in the fabrication stage, both 
home and abroad. Of the pool type, 
heavy-water, and light-water tank 


© Power and Research Reactors 


types, these AMF reactors offer a 
maximum of economy as well as in- 
herently safe design and great ex- 
perimental flexibility. 

In the field of training reactors, 
AMF, working together with Dr. 
Zinn and GNEC, has developed an 
advanced version of the Argonaut 
reactor. Called the “Educator”, it 
offers universities everywhere a 
thorough yet economically practical 
training facility. 

In power and marine propulsion, 
too, AMF Atomics has played a lead- 
ing role, with several variations of a 
closed-cycle, boiling-water reactor 
now in the process of development 


for both government and industry. 

Aside from its reactor design and 
construction activities, AMF Atom- 
ics has also taken the lead in devel- 
opment of reactor control-rod drives, 
remote material-handling equip- 
ment, and a number of other special- 
ized nuclear devices. Such AMF 
equipment is now in actual service 
at government and industrial instal- 
lations in many parts of the world. 

For a complete reactor facility... 
for specialized control and handling 
equipment ... for authoritative 
assistance at any stage of your 
atomic energy program—look to 
AMF Atomics. 


* Reactor Control Systems ¢ Radio-active Material Handling Equipment « Engineering and Design Services 
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CUSTOMER 


“Battelle Memorial Institute, Columbus, Ohio 
industrial Reactor Laboratories, Inc., Plainsboro, N. J. 
University of Buffalo, Buffalo, New York 
*Technical University of Munich, Munich, Germany 
*{nternational Exhibition, Het Atoom, Amsterdam, Netherlands 
Japanese Atomic Energy Research Institute, Tokai-Mura, Japan 
McMaster University, Hamilton, Ontario 
Greek Atomic Energy Commission, Aghia Paraskevi, Greece 
Union Carbide Corp., Sterling Forest, New York 
Societa Ricerche Impianti Nucleari, Milan, Italy 
AMF-GNE Educator, University of Florida, Gainesville, Florida 
Portuguese AEC, Lisbon, Portugal 


AmF 





AMF ATOMICS 
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*In operation 


In-pile capsule 
adaptation 


WILL IT WORK 


na radiation field? 


How will a gear lube or a cermet—or for that matter, 
any material—stand up in a nuclear reactor? There is only 
one way to be certain. Expose samples to the intense 
neutron and gamma fields present in an operating reactor. 
Keep accurate environmental records, and, in a special 
facility, subject the samples to complete analysis. 
NDA has advanced the art of in-pile testing to a science. 
It organizes the testing program, adapts capsules and 
environmental recording instruments for the in-pile tests, 
and, after irradiation, analyzes the samples, by now highly 
radioactive. This examination is carried out in a special 
radioactive materials facility of NDA-Pawling Labora- 
tories. NDA has conducted a large number of complete in- 
pile tests, and its established procedures are quickly and 
economically adapted to new programs. 
The need to know is imperative when a material is 
destined for use in a reactor. Firms interested in adding 
the growing reactor market to their customer list are : 
invited to discuss a suitable in-pile testing program for F Mot coll exomniantion 
their products. 


A COMPLETE REACTOR COMPANY 
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SORUR ED RUE e 


of Key Developments in Atomic Energy 


Budget Bureau Holdback of Funds Hurt Atomic Program 


The men in the Atomic Energy Commission most responsible for our 
civilian nuclear program were recovering last month from the worst 
financial blow the Commission has had to absorb in its ten years of 


existence, 

For six months, they were un- 
able to get from the Bureau of 
the Budget any more than two-thirds 
of the operations money Congress 
had appropriated for the power 
reactor program. Moreover, they 
were forced during the same period 
to take a flat “no” on construction 
funds for several major reactor and 
research projects. 

Measured in terms of progress on 
the peaceful atom, AEC’s reactor 
eo summed up, the effect was 
“extremely bad”; measured in terms 
of morale among AEC’s scientists 
and operating personnel, the effect 
was “atrocious.” 

The struggle for the entire $350- 
million appropriated by Congress 
for the reactor development program 
was both silent and bitter, with sev- 
eral highly-regarded research-devel- 
opment workers threatening to throw 
in the towel because of lack of ac- 
complishment. 

The struggle began last summer 
when Congress cleared a $2.5-bil- 
lion AEC budget for the current 
(58) fiscal year (July 1, 1957 to 
June 30, 1958). It ended in mid- 
December when Budget Director 
Percival Brundage issued a general 
release on AEC’s 1958 money. 

The readily identifiable results: 
Some $40-million of the reactor ap- 
propriation of ~$350 million will 
not be spent this fiscal year (be- 
tween 10 and 15%); the fast breeder 
reactor program has been set back 
6-12 months; plans to expand or 
begin construction on a long list of 
research and development projects 
were simply discarded for the entire 
six-months’ period; and the “ability 
to do a job” of many scientists in the 
program was seriously impaired. 

There are three key terms which 
run through any discussion of this 
body-blow to the civilian program 

economy, debt ceiling, and ap- 
portionment. The seed was planted 
during the nationwide ground-swell 
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last year for economy in the federal 
government. Then, cutbacks on 
spending going beyond the cuts 
made by Congress became manda- 
tory to prevent a puncture of the 
$275-billion debt ceiling. The in- 
curring of any debt above that fig- 
ure is illegal without the prior 
approval of Congress. A sharp re- 
duction in the apportionment, by 
the Budget Bureau to the operating 


agencies, of appropriated funds was 
the logical way to hold spending 


down. 


Hold That Line 


On June 28, Brundage wrote to 
AEC Chairman Lewis L. Strauss— 
on behalf of President Eisenhower— 
directing AEC to hold the 1957 line 
on spending. A similar letter went 
to other agencies with non-defense 
activities. Among the guidelines in 
the letter to Strauss were these: 

@ Any departure from 1957 spend- 
ing levels (about $2 billion) would 


PWR at full power; HRE-2 critical 

At 11:10 a.m. Dec, 23, the Shippingport PWR—the nation’s first 
large-scale nuclear power plant—reached full power: 68 Mw(e). 
8 Mw are required for the station’s own service (5.5 to operate three 
main circulating pumps and 2.5 for other pumps, lighting and mis- 
cellaneous ); 60 Mw were distributed to customers of Duquesne 
Light Co. in the Pittsburgh area (details p. 86). Meanwhile on 
Dec. 27, HRE-2 went critical at Oak Ridge (see p. 23). 


utility groups pick up dropped Florida proposal 

AEC has quietly rejected the third-round proposal of the Flor- 
ida Nuclear Group to build a D,O-moderated gas-cooled power 
reactor, but a new bid has been made for a more advanced reac- 
tor by two of the three original proponents jointly with another 
14-rnember utility group.* Like its predecessor, the newly-pro- 
posed reactor would be D,O-moderated and gas-cooled, but it 
would use slightly-enriched instead of natural uranium, pressure 
tubes instead of a large pressure vessel, would operate at higher 
temperatures, and have 50-Mw(e) capacity instead of 136 Mw. 

However it would serve as prototype for a 200-Mw plant. AEC 

rejected the original proposal because it asked AEC to bear all 

research-development costs with no ceiling. The new bid would 
have AEC and the utilities share research-development costs 
equally; the Florida West Coast group, on whose system the plant 
would be built, would finance the $25.9-million construction costs 
and would operate the plant. Completion date is set between 

June 1962 and June 1963 (although third-round rules require June 

1962 completion). General Nuclear Engineering Corp. remains 
nuclear design agent and nuclear project engineer. 

* Florida’s Power Corp., Tampa Electric Co., and Florida Power & Light Co. were mem- 
bers of the Florida Nuclear Power Group that made the original proposal April 30, 1957; 
the first two have formed the Florida West Coast Nuclear Group. Joining it in the revised 
bid is the East Central Nuclear Group consisting of A jan Electric Power Co., I 
& Michigan Electric Co., Ohio- Power Co., Cleveland Electric Illuminating Co., Columbus 
Southern Ohio Electric Co., — — | Sy om Indianapolis Power & Light Co., 


Louisville Gas & Electric Co., Ivania Power Co., Southern Indiana 
Gas & Electric Co., Monongahela Power Co., Potomac Edison Co., West Penn Power Co. 
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have to be justified to the Budget 
Bureau in writing, and all activities 
were to be subject to a “critical 
analysis” at both ends. 

@For both construction and _ re- 
search-development, “the requests 
for apportionment .. . should re- 
flect the postponement of a signifi- 
cant part of the obligations planned 
in the budget for 1958.” So far as 
AEC’s experience since July 1 is 
concerned, this pronouncement is 
the one that has hurt the most. 

@ Operating programs were to bc 
reviewed after each of the first three 
quarters of the fiscal year for pos- 
sible use of funds not spent during 
the previous quarter, or for possible 
reduction of the programs. 


Furore in Congress 

The Brundage letter caused a 
furore in Congress because it had 
the dual effect of (1) admitting that 
cuts were possible in a budget de- 
fended by the Administration as 
being already pared to the bone, 
and (2) making it clear that the 
Administration would attempt to 
operate at the fiscal °57 level re- 
gardless of the appropriations auth- 
orized by Congress in fiscal ’58. 

Brundage’s “repudiation of the 
1958 budget”—as it was to be called 
by the House Appropriations Com- 
mittee—got AEC in trouble two 
weeks after it was written. Ken- 
neth E. Fields, the general manager 
of the Commission, appeared be- 
fore the House Appropriations group 
on the day news of the Brundage 
letter reached the newspapers. So 
he bore the brunt of committee 
abuse aimed at Brundage on how 
the Administration secretly “repudi- 
ated” the “highest peacetime budget 
of all time.” 

However, Committee Chairman 
Clarence Cannon raised no question 
about the legality of the executive’s 
refusal to spend monies appropri- 
ated by the legislative branch. The 
legal question has been rendered 
moot by the lack of any enforce- 
ment power on the part of Congress. 
That body’s only recourse is verbally 
to threaten the responsible adminis- 
trative officials, who must eventually 
appear on Capitol Hill for more 
money. In 1949, President Truman 
successfully refused to spend appro- 
priated funds to build up the Air 
Force; in 1956, Defense Secretary 
Charles Wilson did the same. : 


Effects in AEC 
At any rate, the effect of the Ad- 
ministration policy as handed down 
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by Brundage was to hold down AEC 
spending near the 1957 rate (weap- 
ons items excluded) until the gen- 
eral release issued by Brundage 
shortly before Christmas. 

In fiscal 1957, AEC spent $54 
million on its cooperative reactor 
program with industry and its own 
reactor experiment program. Be- 
tween July 1 and mid-December this 
fiscal year its spending in the same 
areas was at an annual rate of about 
$60-million. It should have been, 
under normal apportionment proce- 
dures, at a rate slightly more than 
the $96-million appropriated for the 
current fiscal year. 

More than $11-million for EBR I 
(for research, development and con- 
struction) was simply withheld. 
From the time this money was 
sought from Congress last spring 
until the program can get back on 
even keel early this year, nearly a 
full year has been lost. 

Other major projects to feel the 
effects of delayed allotments were: 
the 12.5-Beyv accelerator, where 
$1.5-million was belatedly cleared 
for design work in December; 
$3,550,000 to build a second “set- 
up” chamber for the cosmotron at 
Brookhaven National Laboratory (al- 
ready operating around-the-clock, 
the cosmotron will be made avail- 
able for use without the delay in 
cleaning up the preceding experi- 
ment); the merchant ship reactor— 
$7,978,000; $3,646,000 in particle 
accelerator funds; $401,000 for a 
Project Sherwood (thermonuclear) 
plant; almost $4,000,000 for hot 
cells at AEC laboratories; and the 
proposed fuels technology center at 
Argonne for research on plutonium, 
the ceramics of uranium, thorium 
and other materials, and the tech- 
nology of solid and liquid fuels. 

Also lab funds for important plu- 
tonium re-cycle work at Hanford; 
and $13-million for the long-lagging 


nuclear aircraft (ANP) project. 

These comments came in mid- 
December from AEC officials: 

“There_has been a real slippage 
in all kinds of things (because of the 
apportionment situation). It cer- 
tainly hasn’t been very good for the 
(civilian) program, and it hasn't 
done the morale any good. ‘The 
whole thing has been very bad— 
extremely bad. 

“All kinds of things have not been 
started or have been delayed. We 
are now back to where we were sev- 
eral months ago if we had not had 
the hold-up, even though a lot of 
things have been done meantime. 

“Several things would have been 
started or expanded several months 
ago. We are now in a position 
where we can pick up again.” 


JCAE Demands Account 

The crisis brought angry action 
from the Joint Committee on Atomic 
Energy in Congress, which had so 
successfully rebuffed attempts within 
Congress to whittle down AEC’s 
1958 budget requests for the civil- 
ian program. Chairman Carl Dur- 
ham, early in November, requested 
AEC to begin filing detailed reports 
on its apportionment experience vis- 
a-vis the Budget Bureau. He also 
tried to pin down Strauss on how 
much of the problem could be laid 
to the Commission’s failure to ask 
for apportionment speed-up. 

After an initial report last month, 
AEC was asked to supply the fol- 
lowing information on a quarterly 
basis beginning this month: 

1. Construction projects being de- 
ferred because Budget Bureau is 
withholding planned construction 
and acquisition funds; 

2. Programs and sub-programs 
deferred because Budget is with- 
holding operating funds; 

8. Instances where the Commis- 
sion has not requested appropriated 


Cook Electric Co. growing in nuclear field 

The statement in the December, 1957, issue of NUCLEONICS (p. 
18) to the effect that the Cook Electric Co. had decided to drop 
out of the nuclear field was in error. The company has called to 
our attention the fact that it has a “continued lively interest . . . 
in the nuclear field” and that it is “growing fast in the industrial ap- 
plications of nuclear energy, and in designing and building reac- 
tors for research and testing purposes.” 

The company has just announced the appointment of Harvard 
L. Hull as president of its Nucledyne Corp. subsidiary. Hull is a 
pioneer in the atomic energy field, having worked at Oak Ridge 
during the war and for nearly 10 years at Argonne National Lab- 


oratory after the war. 
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funds to be apportioned to it; 

4. Instances where funds have 
been apportioned but are being 
withheld from use by the Commis- 
sion itself. 

The first report, filed by Strauss 
on December 13, gave these an- 
swers to the Joint Committee ques- 
tionnaire for the period through 
November 30: 

1. A list of 12-15 projects has 
been delayed by lack of funds; ini- 
tial Budget Bureau refusal to allot 
funds has been followed by re-sub- 
mission of the projects by AEC. 

2. “It has not been necessary,” 
the Strauss letter said, “to defer any 
programs or sub-programs” because 
of the apportionment licy. 

8. AEC sociinaninilie dapeie ad- 
verse Budget Bureau decisions on 
“projects of an urgent nature and 
has continued to submit ng waar 
ment requests as projects come 
urgent. 


4. As to funds withheld by the 
Commission after allotment by the 
Budget Bureau, Strauss said that 
only minor amounts in both operat- 
ing and construction categories have 
been held up—chiefly to maintain 


reserves. 


Cranes hoist crane 

Main section of circular crane 62 ft long weighing 27 tons and with lifting capacity 
of 12 tons is poised 48 ft above ground, about to be installed in reactor building. 
The bee-hive dome, to be 87 ft high when completed, will house Industrial Re- 
actor Laborcitories’ 5-Mw pool reactor being built by AMF Atomics. Turner Con- 
struction Co. is building facility at Plainsboro, N. J.; it will be operated for IRL 
by Columbia Univ. To left of reactor building, labs are under construction 


Green Light from On High AEC splits off regulatory functions 


The breeze which blew away 
most of AEC’s current budget prob- 
lems in December also dispersed a 
cloud hanging over the spending 
program proposed for fiscal °5S9. 
Although the fiscal ’59 program—to 
be formally presented to Congress 
later this month—does not reflect a 
significant boost in non-military ex- 
penditures, it was dealt with harshly 
by Brundage when first presented to 
him in September. 

He told AEC to cut back to the 
fiscal °58 level of appropriations. 
The routine appeal from this ruling, 
however, never came. Early in the 
week of December 9, the issue was 
settled by the President. Word 
came down from the White House 
to okay AEC’s fiscal 59 program as 
originally tendered. 

Perhaps more importantly, how- 
ever, the new budget does not in- 
clude a substantial boost in Federal 
spending on reactor development. 
Strauss gave a strong indication in 
his Santa Susana, Calif., speech 
that an expanded reactor program 
might be proposed (NU, Dec. °57, 
19). His reactor aides and officials 
at the Budget Bureau have made it 
clear, however, that little expansion 
of the 1958 program is contem- 
plated at this time. 
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AEC has reorganized its structure to separate regulatory from 
non-regulatory functions in its civilian program. The move, long 
urged by some in Congress, sees the Division of Civilian Appli- 
cation abolished. Its director, Harold L. Price, continues to head 
a new Division of Licensing and Regulation, which will handle all 
functions of regulating the private atomic industry. A newly-re- 
vived Office of Industrial Development (first set up in 1952) 
under Frank K. Pittman, former deputy director of Civilian Ap- 
plication, takes over non-regulatory tasks, with responsibility to 
encourage and assist growth of the private industry and to chart 
AEC policy to that end. 


Westinghouse, Al in new ties in Germany 


Two more foreign agreements have been concluded by U. S. 
firms girding for the foreign market (NU, Nov. ’57, 17). Atomics 
International has set up a jointly-owned subsidiary firm with 
Demag AG of Duisburg, a leading West German firm in design 
and manufacture of heavy machinery and equipment. The new 
subsidiary, “Interatom,” will design and fabricate research and 
power reactors and related products. It is the first international 
venture in Germany in reactor development and manufacture. 

Westinghouse added another technical assistance agreement to 
its growing string, this one with Germany's vast Siemens organiza- 
tion, Europe’s largest electrical manufacturer. The pact is along 
the same lines as earlier ones with A.C.E.C. in Belgium and Fiat 
in Italy (thus giving Westinghouse an in into three of the six 
Euratom nations ); it provides for building and sale by Siemens of 
civilian reactors developed by Westinghouse, and supply to the 
U. 5. firm of technology developed by Siemens. 
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Harmony Talks Start; 
JCAE Plans Hearings 


Silence surrounded the first in- 
formal AEC-Joint Committee on 
Atomic Energy harmony meetings 
held late last month, with four Com- 
missioners present while Chairman 
Strauss was away at the NATO 
meetings in Paris. 

Just before they began, however, 
JCAE Chairman Durham released 
the reply Strauss had written to 
Durham’s letter calling for such 
meetings (NU, Dec. 57, 18). The 
reply contained both adamant pass- 
ages (“I regard our nuclear power 
policies and objectives as both clear 
and sound and our progress toward 
them satisfactory, and I have not 
noted in others the degree of uncer- 
tainty regarding them which you 
apparently have”) and conciliatory 
ones (“I most certainly agree that 
the Commission and the Committee 
have a duty to work together to dis- 

1 any confusion which has arisen, 
in whatever reason and from what- 
ever source.... I likewise feel 
that the fact of the passage of time 
and the consequent change in cir- 
cumstances require both periodic re- 
view and a continual justification of 
objectives, policies and programs”). 


Before the “202 hearings” on the 
state of the atomic industry begin in 
mid-February, NUCLEONICS learned, 
JCAE’s research-development  sub- 
committee plans a hearing on basic 
research including the controlled 
fusion program and AEC accelerator 
projects (see p. 27). After the 202 
sessions, JCAE will conduct a full- 
dress hearing into the waste-dis- 
posal problem and progress on it. 

Other topics JCAE gave notice 
(in a Durham-to-Eisenhower letter) 
it intends to follow closely include 
support for the atoms-for-peace 
program through accelerated civilian 
reactor development, and the ques- 
tions whether we are pushing nu- 
clear airplane and rocket propulsion 
hard enough, and making enough 
A-subs and plutonium. 


Exim Bank May Finance 
Nuclear Fuel Purchases 


The Export-Import Bank of Wash- 
ington “is prepared to look at suit- 
able cases” of loans proposed for 
lease or purchase of nuclear fuel in 
connection with loans for construc- 
tion of power plants abroad, 
NUCLEONICS learned (NU, Nov. ’56, 
RS). 


Hazards Unit Criticizes NACA Reactor Site 


anuary 16 has been set for a 
public hearing in Washington on the 
application for a construction per 
mit by the National Advisory Com 
mittee for Aeronautics to build a 
testing reactor. Jay A. Kyle of FCC 
who served also as AEC hearing 
examiner in the PRDC case (see p. 
27) but merely presided, this time 
will render an initial decision. 

Pursuant to last summer's change 
in the law, the report of the Ad- 
visory Committee on Reactor Safe- 
guards on the —. has mean- 
while been published, and it reveals 
that ACRS is unhappy about 
NACA’s choice of a site three miles 
south of Sandusky, Ohio, and only 
59 miles from the heart of Cleveland. 

The reactor is practically identical 
to the Materials Testing Reactor, 
but has flat- instead of curved-plate 
fuel elements and may reach 60 
Mw/(th) as compared with 40. 

“The Committee is of the opinion 
that with the proposed container 
and at the selected site it is possible 
so to restrict the experimental pro- 
gram that the operation of the reac- 
tor will not result in appreciable 
hazard to the public,” the report 
concedes. “However, the necessary 
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restrictions may add materially to 
the cost of the program and may 
impose serious time delays. Fur- 
ther. some experiments which fall 
within the genera] type of experi- 
mental program preposed by NACA 
may not be permissible at this loca- 
tion. In view of the above, the 
Committee believes that the facility 
proposed would Le more vseful for 
the program proposed if it were lo- 
cated at a site less close to a center 
of population.” 

One member of ACRS, Abel 
Wolman, added a further statement: 
“In view of the prospect of future 
continuing debates as to the safety 
of conducting essential experiments 
at this site, I would recommend 
against the site on the information 
presently available. I believe that 
the applicant should be required to 
consider the availability of other 
sites at which operation of the reac- 
tor would be feasible and which 
would afford a higher degree of pro- 
tection to the health and safety of 
the public. It is unrealistic to per- 
mit operation at this site if experi- 
ments of importance to the national 
defense are likely to have to be cur- 
tailed because of the site . ” 


No More Fixed-Price Contracts 
For Reactors, GE Decides 

General Electric is entering into 
no more fixed-price reactor contracts, 
President Ralph Cordiner announced 
last month. Escalator clauses al- 
lowing inclusion of unforeseen added 
costs will feature all future GE 
atomic pacts. GE has admitted to 
losing money on its $45-million 
fixed-price bid to build the Dresden 
station; it is silent on the amount, 
but guesses reach $15-million. 


Brazil Sets '58 Goals; 
Setting Up Fuel Industry 


Top priorities in Brazil's atomic 
energy program for next year are: 
1. initiation of domestic fuel produc- 
tion; 2. expansion of domestic tech- 
nical training; 3. expansion and 
stimulation—by bonuses, if possible 
—of prospecting and mining of 
uranium and thorium; 4. bilateral 
accords with other countries. These. 
aims were disclosed by the chair- 
man of Brazil’s National Nuclear 
Energy Commission, Adm. Octacilio 
Cunha, in an exclusive NUCLEONICS 
interview. 

In outlining this ambitious pro- 
gram, Admiral Cunha warned that 
several items of the agenda were 
awaiting congressional ratification, 
which might be slow in coming. 
However Brazil has taken a long 
step toward industrialization of her 
own atomic fuels by engaging a 
French company, Société Chimique 
de Produits de Terres Rares [Rare 
Earth Products Chemical Co.], to 
organize processing of local ore. 
This firm has already completed de- 
signs for a first-phase fuel produc- 
tion system, which will take zir- 
conium ore bearing 0.5% uranium 
from Pocos de Caldas, Minas Gerais, 
and channel it through two plants: 
the first will produce sodium ura- 
nate, the second will reduce it to 
uranium metal. One plant will be 
in mineral-rich Minas Gerais state, 
the other in industrial Sio Paulo 
state. The French firm will specify 
and advise on purchase of equip- 
ment—which is to be <theates =) 
—for the two plants, Admiral Cunha 
said. Some $5-million of French 
financing will come from the Bank 
of Indo-China and the Bank of 
Worms, both of which have done 
considerable industrial financing in 
Brazil. The last phase of the proc- 
ess—making fuel elements from 
uranium rmetal—has not yet been 
contracted for; studies are under- 
way that might lead to use of 
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British or European systems, the 
Admiral said. 

Late last month the Nuclear 
Energy Commission was granted $2- 
million by congress for its operating 
needs—first of several grants hoped 
for. Also pending in Congress is a 
bill to authorize the Commission to 
pay premiums to mining and pros- 
pecting companies for bringing in 
uranium. At present the Commis- 
sion is the only buyer of uranium 
and thorium in Brazil, and export of 
the two minerals is prohibited 

Several U. S. and European firms 
have been studying the possibility 
of installing plants to rad sem basic 
electronic equipment and _instru- 
ments for Brazil's new atomic in- 
dustry, Admiral Cunha said, adding 
that there were many opportunities 
for foreign firms to supply equip- 
ment for the fuel processing system 
now being undertaken. Brazil also 
sorely needs many more geologists 
and other technicians to expand 
prospecting, he added. 

Regarding nuclear power, the 
Admiral said the only concrete plan 
before his Commission was the 
American & Foreign Power Co. proj- 
ect for a 10-Mw boiling water re- 
Meanwhile reports from Sao 
Paulo state are that Janio Quadros, 
the state governor, and his experts 
are studying two reactor proposals: 
one for a Martin Co. pressurized 
water, enriched-U plant (NU, June 
57, 17); the other for a British 
Calder-type natural-U station. 


actor. 


Norway Installing 


Halden Components 


Work on Norway’s boiling water 
reactor at Halden, south of Oslo, 
has now reached the _ installation 


stage. The experimental unit, with 
a capacity of 20 Mw(th), will de- 
liver steam at 482° F and 588 psi; 
but its experimental function is con- 
sidered more important for the 
knowledge it will yield. One of the 
Norwegians’ main objects at Halden 
will be to develop a reactor type 
suitable for ship propulsion. 

The reactor core will be con- 
tained in a stainless-steel-lined, mild 
steel pressure vessel of 8 ft 10 in 
internal diameter and 18 ft 2 in 
cylindrical internal height. The 
tank itself is of conventional shape 
with a curved bottom and a flange 
ring at the top. The lid, however, 
is highly unconventional for the 
pressure and diameter in question. 
Owing to the necessity of having 
all fuel elements similar, con- 
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Putting the bottom in 


One of the odder railway journeys took place recently at site of Britain's Berkeley 
nuclear station when 200-ton bottom dome of steel pressure vessel for No. | 
Reactor was brought to its foundation, from its temporary welding chamber where 


it had been under construction for five months. 


Long lead time required its pre- 


fabrication off to one side while foundation was being prepared; this will not be 
necessary for No. 2 Reactor at Berkeley which will be assembled on completed 


foundations. 


Each vessel will be 80 ft high, 50 ft dia; they are world’s largest 


to be welded from 3-in. plate—2% times larger than Calder Hall vessels of 2-in. 


plate. 
per reactor 


ventional designs have been re- 
placed by a lid consisting of a 2 ft 
4 in flat steel slab, bolted directly to 
the flange ring. Some 26 holes for 
steam outlet and condensate return 
pipes and 335 holes for fuel ele- 
ments and control rods have been 
bored in the top lid. The tank and 
lid, which is machined and’ as- 
sembled by A/S Kverner Brug, 
Oslo, is ready for pressure-testing. 
The lid will probably be nickel- 
plated prior to installation to pre- 
vent its corrosion. 

The cadium control units, made at 
the Chr. Michelsens Institute, Ber- 
gen, are ready for installation. All 
units are exactly similar in design, 
and can be used either as scram, 
shim or fine control rods, depending 
upon the motor drives and electrical 
system to which the individual rod 
is connected. 

The heat exchanger system, made 
by A/S Thunes Verksted, Oslo, is 
being completed. 

In the reactor hall, the installation 
of the light-water circuit is well 
under way. The steam drum is the 
biggest component installed up to 
now. The heavy-water storage tank 


Three production lines have been set up on site to turn out 16 boilers, eight 


and a number of pumps and valves 
have been installed. 

In the control room the instal- 
lations are being completed. The 
main control panel is built around 
a graphic _- This is an almost 
complete flow diagram with valve 
and pump annunciators and in- 
dicators A the most important 
process variables. 

Most of the main components, 
such as the reactor tank, the heat 
exchangers and subcooling system 
have yet to be installed. After in- 
stallation the whole reactor system 
will be leak- and pressure-tested. 

The reactor is expected to go 
critical in early summer of 1958. 
The Organization for European 
Economic Cooperation, which has a 
study group working up a proposal 
for a joint European experimental 
boiling water reactor, has been in- 
terested in the Halden project for 
some time and is said to be consider- 
ing suggesting that OEEC take over 
operation of the Halden reactor for 
a few years. Norway, interested in 
success of the OEEC idea of Euro- 
pean economic cooperation, is re- 
ported receptive to such a suggestion. 
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8 O Ul e Uae 


“Long Beach’ Keel Laid; 
Other A-Ships Advance 


The U. S.’s first nuclear surface 
ship became tangible last month 
when the keel of the USS Long 
Beach was laid at Bethlehem Steel’s 
Fore River shipyard, Quincy, Mass. 
An eight-ton, 60-ft keel section was 
lowered into place in a new and 
enormous (world’s largest) ship- 
building basin, in the presence of 
notables, to give a ceremonial start 
to construction: of the 14,000-ton 
displacement guided-missile cruiser. 
To be 721 ft long, 73 ft in beam and 
to cost about $100,000,000, Long 
Beach will have “high speed” and 
“virtually unlimited cruising radius” 
when she is delivered in 1961. 
Westinghouse is building her twin 
reactors, and has received a $2-mil- 
lion contract for six turbine-genera- 
tors, each rated at 2,500 kw and 
largest ever designed for use aboard 
a naval vessel. Condensing appa- 
ratus, voltage regulators and other 
equipment will also be supplied by 
Westinghouse. Bethlehem is de- 
signing the lead-bonded-on-steel re- 
actor shielding, as well as the pro- 
pulsion machinery. 

@ Meanwhile a $20.9-million con- 
tract for construction of the second 
U. S. nuclear surface ship, the N. S. 
Savannah, was signed by represent- 
atives of the government and New 
York Shipbuilding Corp. of Camden, 
N. J. (NU, Dec. ’57, 24). Keel- 
laying was set for May 22. 


Lenin launched 
On Dec. 5 in the rain 
in Leningrad, the Rus- 
sians launched their 
pioneer nuclear sur- 
face ship, the ice- 
breaker ‘Lenin. Her 
port of registry is 
Murmansk.  Box-like 
structure under stern 
is evidently a pon- 
toon-float launching 
cradle. Compare 
photo NU, Aug ‘57, 
18. The Russians an- 
nounced they will lay 
the keel for a sister- 
ship at once 


@ And Rep. Thor Tollefson of 
Washington, ranking Republican on 
the House Merchant Marine com- 
mittee, said he would introduce a 
bill this year for construction of an 
American nuclear icebreaker to meet 
present and future U. S. needs in 
the polar areas. 

© Skate, the Navy’s third nuclear 
sub, was commissioned Dec. 23. 

© General Electric has completed 
a reactor core mockup for the first 
nuclear destroyer. The unit, at 
Knolls Atomic Power Laboratory, is 
called PMA for Plastic Mockup As- 
sembly, being moderated by plastic 
to simulate pressurized water. It is 
being used to determine optimum 
fuel pattern for the D1G (destroyer) 
reactor; two reactors will be used 
aboard the vessel. GE is working 
in collaboration with Bethlehem 
Steel, which has a design contract 
on a nuclear power plant for a de- 
stroyer for the Navy, and has suc- 
ceeded, it says, in overcoming the 
formidable design problems of inte- 
grating a nuclear propulsion plant 
into a ship the size of a destroyer. 

The Bethlehem end of this job, 
like that of designing Long Beach, 
falls to the nuclear power branch of 
the Bethlehem shipyards’ Central 
Technical Department, which is 
responsible for the tailoring and ar- 
rangement of the reactor to the ship. 
They, in collaboration with Westing- 
house and the Navy, establish the 
type, size and arrangement of ma- 
chinery and machinery spaces; de- 


sign the shielding; and have sub- 
contracts with Westinghouse relat- 
ing to reactor design under which 
the Bethlehem groups aid in devel- 
oping the plant to make it suitable 
for a naval vessel as to size, per- 
formance and control, and shield 
design. The nuclear power branch 
at Bethlehem now has 150 men as- 
signed to the cruiser project, 60% 
of them professional engineers, and 
over half of those in turn having 
special nuclear engineering training; 
about 75: are working on the de- 
stroyer project. In addition there 
will be about 300 draftsmen on the 
Fore River shipyard staff preparing 
the final working blueprints for 
Long Beach, plus 1,000 production 
workers. 

The nuclear power branch, now 
in its fourth year, has made studies 
on nuclear tankers. Its research 
and development laboratory at Fore 
River has carried out some shielding 
research on scattering, is working on 
an improved method of bonding 
lead on steel; and has developed a 
rig, which it is now testing, that will 
make possible automatic welding of 
stainless steel pipe up to 18 in. dia, 
1% in. wall thickness. 


OEEC Forms Atom Unit; 


Euratom All Ratified 


The 17 West European nations of 
the Organization for European Eco- 
nomic Cooperation have formed a 
European Nuclear Energy Agency 
to promote cooperative peaceful 
atomic projects. In this long-planned 
body (NU, Aug. °56, R11; May 
57, 20), the six Euratom nations 
are joined by Britain, Ireland, Nor- 
way, Denmark, Sweden, Iceland, 
Portugal,, Switzerland, Austria, 
Greece and Turkey. Sponsors in- 
sist there is no contradiction be- 
tween the new ENEA and Euratom; 
the former involves in pooling, but 
rather planning of projects which 
members may join or not as they 
wish. ENEA will seek to spread 
the cost burden by joint participa- 
tion, and to avoid duplication of 
effort. 

A first fruit was establishment by 
12 OEEC members of Eurochemie 
Co., which will build and operate 
a $12-million plutonium-separation 
plant at Mol, Belgium, to com- 
pleted in 1961. Eurochemie is 
capitalized at $20-million. 

Meanwhile the Dutch Parliament 
supplied the sixth and last ratifica- 
tion needed for the Euratom treaty, 
which came into force Jan. 1. 
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Uranium Men Study 
AEC Leveling-Off Order 


Worried uranium producers, con- 
cerned over the meaning of AEC’s 
“no more expansion” statement in 
October, gathered at a _ two-day 
meeting in Denver last month to 
determine where they stood. In 
spite of AEC efforts to mollify them, 
they appeared to be still confused 
by AEC’s position: to encourage 
continued exploration, while shutting 
off further purchases. 

Uranium has grown at a breath- 
taking pace: in 12 years the in- 
dustry has flashed from virtually 
nothing to the second-largest dollar- 
value commodity in the U. S. (sec- 
ond only to copper). 

With uranium deliveries to AEC 
appearing “adequate for military 
and power requirements as projected 
on an annual basis for the next few 
years,” Jesse C. Johnson, director 
of AEC’s raw materials division, 
told the Atomic Industrial Forum in 
October that “it no longer is in the 
interest of the government to ex- 
pand production of uranium con- 
centrate.” AEC will. attempt to 
limit production to the level to be 
reached as a result of existing com- 
mitments, and new mill contracts 
will be given only for areas having 
no present milling capacity. No 


‘The Month 
in the Labs 


Argonne 
Treat (Transient Reactor Test)—Architect-engineer 


new commitments have been made 
for foreign buying for some years. 

This was the gloomy background 
for the Uranium Institute of America 
meeting last month. At least one 
major producer was satisfied: “As 
Johnson makes clear, there is not 
‘too much uranium,” said Donald 
H. McLaughlin, president of Home- 
stake Mining Co. “We don’t know 
how well off we are. What other 
industry, besides gold, has a sure 
market for the next nine years? 
Exploration . . . must be appraised 
as a business risk involving market 
uncertainties; I’m happy to do it.” 
But others were more skeptical 
about spending their money to turn 
up a product they might not be 
able to sell to the only buyer. AEC 
appeared to some to be in a position 
where it could gamble: it must con- 
tract for five years’ output to get a 
new mill built now, but a mill can 
be built in 1% years. 

Nuclear economists attending the 
session pictured a glum future for 
uranium. Stuart McLain estimated 
a total of only 15,000-30,000 tons 
of uranium needed for nuclear 
power stations over the period 
1958-67. 

There is on uranium st ile, 
other than weapons, “except what's 
in the pipeline,” John T. Sherman 
of AEC revealed. “We do not 


Oak Ridge 


NUCLEONICS Surveys Opinion 
On U. S. Reactor Policies 


In January 1957, just prior to the 
annual “state of the industry” hear- 
ings of the Joint Committee on 
Atomic Energy, NuCLEONIcs pub- 
lished the results of an 11-nation 
survey on matters related to world 
leadership in atomic energy. Now, 
because once again development of 
U. S. atomic power policies is of 
urgent concern to the industry and 
because Congress is about to review 
these policies, NuCLEONICS is con- 
ducting another survey, aimed at 
shedding light on thinking im the 
U. S. and abroad on current nuclear 
problems. 

It is designed to pinpoint what 
key people in the nuclear field think 
about objectives, size, scope and 
timing of the U. S. atomic program. 
Since early December, NUCLEONICS 
correspondents have been interview- 
ing leaders in the U. S. and 11 
foreign countries that are potential 
markets for U. S. atomic products. 
Others are being queried = mail. 
Results of the survey will be pub- 
lished next month. 





have a stockpile of yellow cake, 
green salt, hexafluoride or metal; 
ore stockpile contains about 1.5- 


million tons.” 


Homogeneous Reactor Test—Went critical at 6 p.m. 
Dec. 27; ran for 1-2 hrs at 28° C—\o of design tem- 


perature, 


to establish satisfactory operation of all 


Low-power preliminary tests now under way 


and to 


determine temperature coefficient before full power, 
5 Mw(th), is reached. 


National Reactor Testing Station, Idaho 


design work completed, specifications approved; bids to 
be opened Jan. 28 (more details p. 26). 

Experimental Boiling Water Reactor—On Dec. 2 re- 
actor was run up to 46.6 Mw(th), Dec. 23-24 to 50 
Mw (th) and held for several hours (design power is 20 


Mw/(th)). No oscillatory tendencies appeared, and in- 
dications are that the reactor is now limited in steady 
operation more by the amount of reactivity built into the 
controls than by any question of stability. Electric 
generation was limited by turbine size to 6,250 Kw 
(1,250 over design power); rest of steam was bypassed 
to condenser. Argonne engineers believe maximum 
stable power of which EBWR is capable is still higher, 
and that with forced cooling it could produce 100 
Mw/(th), 25 Mw(e). This would significantly reduce 
power cost, as previously pointed out (NU, Nov. °57, 
21). 


Brookhaven 


Medical Reactor—Outside of containment vessel being 
welded up; part of shielding, and the linings for shutters, 
are in place. 
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Argonne Low Power Reactor—Pressure vessel has 
been installed in containment tank; major work up to 
operating-floor level being completed. 

Engineering Test Reactor—Tests during the past two 
months have considerably iraproved outlook for solution 
of ETR’s fuel element problems reported two months 
ago (see p. 102), wucieonics learned. Results were 
“pretty favorable” on all tests that could be applied 
at room temperature to elements modified by “not very 
radical changes” in design. Two more full core-loads 
have been ordered, one having element side plates 
slotted, one with meat plates cold-rolled to improve 
structural strength; such elements stood up in tests to 
140% of design coolant flow. After operating only at 
very low power since going critical last Sept. 19, ETR 
reached 30 Mw late last month and has approval to go 
to 90; design power is 175 Mw. Meanwhile it is 
already at work, doing some capsule irradiations. 

SPERT-1—Static measurements on the B core were 
completed, another series of transients are under way. 

SPERT-3—Pressuze vessel arrived, was _ installed; 
entire facility now about 45% complete. 
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R O-U N DU P 


Domestic-Built Power Reactors Are West German Goal; 
Four Design Groups Working, 4 Utility Groups Formed 


BONN 


West Germany, on her way to catching up with the world leaders’ 
level of atomic development, is pushing a program aimed at perfecting 


home-grown industrial power reactors. 


In the field of research reactors, the Munich reactor has gone critical 


the Frankfurt reactor is about to 
go critical, the Berlin reactor has 
arrived and is being assembled, the 
Karlsruhe and jiilich reactors are 
under construction, and planning for 
the Hamburg reactor is completed. 

The next step, a blueprint calling 
for four-to-five power reactors total- 
ing 500 Mw(e), has now been ap- 
proved by the German Atomic Com- 
mission. Under this program, the 
following projects are to be de- 
veloped and completed by 1965 by 
German private industrial firms now 
already working on them: 

1. An advanced,  gas-cooled, 
graphite-moderated reactor fueled 

natural uranium—Deutsche 
Babcock & Wilcox; 

2. A heavy water moderated and 
cooled reactor fueled with natural 
uranium—AEG (Allgemeine Elek- 
trizitaits Gesellschaft) ; 

8. A light water moderated and 
cooled reactor with slightly enriched 
uranium fuel—Siemens-Schuckert; 

4. An advanced high-temperature 
reactor using gas cooling and en- 
riched uranium fuel—Brown Boveri 
in cooperation with Krupp. 

Bach. 


of these reactors is to have 


a capacity of about 100 Mw/(e); 
each will be undertaken by a group 


of electric power utilities. Unlike 
the research reactors which—with 
the single exception of the Karlsruhe 
unit—are all ordered from American 
or British manufacturers, the power 
reactors will be fabricated and sup- 
plied primarily by German com- 

ies. This seems certain even 
though only one order has been 
placed so far. 


Utility Groups 

That one firm order was given by 
AVR, a group of nine West and 
North German public power com- 
panies headed by the Diisseldorf 
Power Co., to Brown Boveri Co. of 
Mannheim (German subsidiary of 
Brown Boveri of Switzerland) 
which, in cooperation with Krupp, 
is developing a high-temperature 
reactor using enriched uranium in 
ceramic fuel elements and gas cool- 
ing (NU, June ’57, 23). The pres- 
ent development contract is to be 
followed in about two years’ time by 
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an actual construction order. 

Two groups are considering the 
Siemens and the AEG reactor de- 
signs. One is a Bavarian group, 
Gesellschraft fiir die Entwicklung 
der Atomkraft in Bayern m.b.H. 
(Company for Development of 
Atomic Power in Bavaria), consist- 
ing of the power-supply companies 
Bayernwerk, Innwerk and __Isar- 
Amper Werke plus Farbwerke 
Hochst and the Bavarian govern- 
ment. The other is a group of 
Westphalian and Lower Saxonian 
power utilities, Studiengesellschaft 
fiir Kernkraftwerke (Study Com- 
pany for Nuclear Power Plants). 
Which group will buy which reactor 
type has not yet been decided. 

A fourth group in Baden-Wiirt- 
temberg state, headed by the public 
power supply firm Badenwerk, is 
thinking in terms of a Babcock & 
Wilcox reactor of the Calder type. 

While all these groups will prob- 
ably order reactors domestically, the 
largest German power company, 
RWE (Rheinisch-Westfilisches Elek- 
trizitaétswerk) in Diisseldorf, is nego- 
tiating with General Electric and 
with several British firms on a 10— 
15-Mw(e) pilot plant at a cost of 
about $7-million. The deal origi- 
nally concluded with the AMF-Mit- 
chell Engineering group was can- 
celled (NU, Nov. ’57, 19), primarily 
because of difficulties over AMF’s 
Elk River reactor project. RWE 
would also be willing to order a 
200-Mw(e) reactor at a cost of 
$75-85-million provided it would 
produce electricity at competitive 
cost. At the moment, however, 
operating costs of all reactors on the 
market are still about 50% above the 
price of coal-produced electricity. 
By the time the power plant project 
materializes, RWE too may switch 
to domestically-built reactors. 


The Euratom Target 

In comparison with the 6,000 Mw 
called for in Germany under the 
Euratom 15,000-Mw program, the 
500 Mw presently scheduled in 
Germany seems small. But aside 
from the fact that the energy gap 
expected by the Euratom “wise 
men” in 1967 is subject to discus- 


sion and may well be an overesti- 
mation, the German government has 
no means of forcing industry to 
undertake costly projects under 
Germany’s free market system, and 
the companies have neither enough 
capital nor authority from their 
shareholders to get too deeply in- 
volved in costly power reactors. 

The program as it now stands will 
cost $520-570-million. It includes 
the establishment of facilities cost- 
ing about $250-million for radiation 
protection, fuel production and for 
the processing of fission products; and 
$120-million for four years’ research. 

The reactors will require 400 tons 
of natural uranium, 40 tons of 
slightly enriched (1-1.5%) and 300 
kg of 20% enriched uranium, 2,000 
tons of graphite, 150 tons of heavy 
water, 50-60 tons of zirconium, 
about 50 tons of thorium. The en- 
riched uranium is to be supplied by 
the VU. S., later through Euratom. 
However as regards natural uranium, 
it is generally felt here that Germany 
should not entirely rely on imports 
but should step up domestic produc- 
tion even though the price for Ger- 
man conceritrate may in the begin- 
ning be above the world market 
level. Furthermore, an expansion 
of heavy-water production over the 
present annual capacity at Farb- 
werke Hochst of 6 tons is planned, 
and fuel production facilities will 
require additional investments. 

The reactors themselves will cost 
approximately $250-million, to be 
shouldered jointly by industry and 
government. The power companies 
will finance one-third of the cost of 
project development, which alone 
equals the cost of a conventional 
power plant, and one-third of the 
construction order. The government 
will contribute the other two-thirds 
of development costs, and one-third 
of construction costs covering ex- 
penses for radiation protection and 
safety installations. The last third 
of construction costs will be met 
through tax exemptions, governmen- 
tal loans and other indirect subsidies. 

All this planning has been done 
in the absence of a federal atomic 
law which, however, is expected to 
be passed before the end of this 
year, long before any German prof 
ect for a power reactor can crysta 
lize. So-called pre-projects would 
be completed within a year after 
the order is placed. Another two 
years will be required for develop- 
ment, after which construction of 
the actual power station—another 
three years—could begin. 
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World News 


Nuclear Plants Bruited for Korea, Hawaii 


The South Korean government's idea to build a 15- 
45-Mw/(e) nuclear power plant was endorsed by William 
Warne, American chief of the U. N. economic aid 
mission. The country has no fossil fuel. Seoul hopes 
to get financial aid from the U. S. development loan 
fund, World Bank or Export-Import Bank. In Hawaii, 
Hawaiian Electric Co. has taken steps to acquire a 
485-acre site 20 mi from Honolulu for a power station; 
the site—Kahe Valley, where the mountains form a 
natural horseshoe facing the sea—is suitable for a nuclear 
plant, and economic feasibility studies on a nuclear 
station are now being made. Hawaii also lacks fossil 
fuels; Westinghouse president Gwilym A. Price recently 
commented that “it seems highly likely nuclear plants 
will be economically feasible in Hawaii sooner than in 
any other part of America.” 





Japan: Isotope Production, Reactor Hesitation 





Trial production of radioisotopes has begun with Japan's 
first research reactor, operating since November at Tokai 
village N of Tokyo. Sodium-24, for use as a tracer in 
medical experiments, is the main product. However 
the year-long indecision on buying a British Calder- 
type reactor is not yet over; another survey mission is 
going to England, after nearly having its trip Og cee 
several months because of the Japanese AEC’s doubts 
about the ability of the Calder-type to withstand earth- 
quakes. And a group of nuclear physicists has asked 
the JAEC to me a decision until after the second 
Geneva Conference in September. 


Austria Completes First Reactor Specs 


Austrian firms have been given the specifications for the 
country’s first research reactor, a 5-Mw(th) pool, with 
10" neutron flux. The $500,000 unit, with a 15—24- 
month delivery time, will have two thermal columns 
and one or two 8-in. and four to six smaller beam tubes. 
Four sites, all within 50 mi of Vienna, are under con- 
sideration. The second reactor planned, for 1960-61 
completion, is a materials testing unit; the third for 
1964-67 completion, will be Austria’s first power reactor. 
Independently, the U. S. has offered (subject to Con- 
gress approval) a research reactor to the International 
Atomic Energy Agency, whose seat is in Vienna. 


German Lab Site Moved Again 


For the second time, the West German state of North 
Rhine-Westphalia has changed the site for its $20- 
million nuclear research center (NU, June °57, 27), 
moving it to the Stetternich Forest near Jiilich. Prepara- 
tory construction work has started. The earlier site near 
Diiren was abandoned because it would have been on 
top of 480-million tons of brown coal and hindered its 
mining. Two British research reactors have been or- 
dered for the center. 








East Germany: Power, Research Reactor Milestones 





Construction of East Germany’s first power reactor has 
begun north of Berlin (NU, Feb. ’57, R9), according 
to East German sources. The 70-Mw(e) reactor, of 
unstated type, is being furnished largely by Russia; a 
two-mile exclusion area has been established. Mean- 
while East Germany’s first research reactor went into 
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operation at Rossendorf near Dresden. The 2-Mw 
water reactor is identical with those os gO by Russia 
to Rumania (NU, Sept. ’57, 24) an Czechoslovakia 
(NU, Nov. ’57, 26). 

U. N. Names Perrin, Fixes Radiation Session 

Francis Perrin, French High Commissioner for Atomic 
Energy, was selected as president of the second Geneva 
conference in September, by the U. N.’s Advisory Com- 
mittee on Atomic Energy. Homi J. Bhabha of India 
was president of the 1955 conference. The U. N. also 
set Jan. 27 as starting date of the fourth session of the 
15-nation Scientific Committee on Effects of Atomic 
Radiation (NU, Dec. ’56, R6). The session will discuss 
the first draft of its comprehensive report to the General 
Assembly on radiation elects, based on 130 reports from 
27 nations and U. N. bodies received to date. 


Uranium Shipped to Argentina, Spain 








$110,000 worth of uranium for Argentina and $112,000 ° 
worth for Spain cleared New York’s Idlewild Airport last 
month. 36 kg (80 Ib) of 20%-enriched U:O. were 
destined for an Argonaut being built in Buenos Aires by 
the Argentine National Commission for Atomic Energy; 
80 rods containing 20 kg of 20%-enriched metal were 
bound for the 3-Mw pool that General Electric is build- 
ing at Moncloa near Madrid for Spain’s Junta de Energia 
Nuclear. 


French Firms Found Fuel Company 


St. Gobain, one of France’s leading chemical firms, and 
Forges et Ateliers du Creusot, her biggest metallurgical 
and construction company, have jointly set up a new 
firm for research and development in nuclear fuels: 
Centre de Recherches pour Combustibles Atomiques 
(CERCA), with a capitalization of 250-million frs 
($600,000). Both founders have long been active in 
the French nuclear program. 


Reds Deliver Reactor for Egypt 


“All the parts of the atomic reactor imported from the 
Soviet Union by Egypt” have now been delivered and 
will be assembled by Egyptian engineers under super- 
vision of Russian technicians, reports the Cairo semi- 
official Middle East News Agency. The reactor build- 
ing is not yet completed, but the adjoining nuclear re- 
search laboratory building—also to be outfitted by Russia 
—is finished. Ibrahim Hilmi Abdul Rahman, secretary 
of the Egyptian AEC, said the research reactor would 
be in operation by the end of 1958, and that EAEC had 
decided to build a nuclear power plant between 1962 
and 1967. He said 150 Egyptians are now being trained 
as nuclear experts. 


Fairey Joins Atomic Power Group 


Fairey Aviation Co. Ltd., one of Britain’s largest aircraft 
builders, has joined Atomic Power Constructions Ltd., 
the fifth U. K. consortium (NU, Feb. ’57, R11). 


Rum Jungle U-Figures Out 


First figures on operations at Rum Jungle, Australia’s big 
uranium center, show a steep upward curve. Uranium 
and uranium-copper ore treated at the government- 
owned plant rose from 50,720 tons in fiscal 1956 to 
71,628 in fiscal 1957; uranium content rose from 8.4 to 
9.1 Ib/ton; production of uranium oxide went from 
333,546 to 541,652 Ib cuncentrate. The last figure ex- 
ceeds both the estimate and rated capacity of the plant. 
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Reactor News 


EBR-1 CRITICAL AGAIN 
The Mark III core in AEC’s Experimental Breeder 1 
achieved criticality Nov. 11, 1957, and is undergoing 
preliminary tests prior to operating at power again. It 
was the first time the reactor had operated since the 
meltdown incident of Nov. 29, 1955 (NU, June °56, 35; 
. "57, 84). On completion of tests, the reactor will 
used to investigate “the effects of mechanical, hy- 
draulic, thermal and nuclear variants on the stability of 
fast reactors.” The new core, product of two years of 
research and design work, is expected to perform with 
greater stability than the first two; mechanical motion of 
the fuel pins is rigidly controlled to prevent their bow- 
ing, believed to have been a prime cause of the melt- 
down. The 9-ft 5-in. core will operate at 1,400 
kw(th), 200 kw(e). 


PAR FILES FOR THIRD-ROUND AID 

A proposal for AEC reactor construction aid, the fourth 
under the third round of the power demonstration pro- 
gram, has been filed on behalf of the PAR project by 
Pennsylvania Power & Light Co. and Westinghouse. PAR 
—the Pennsylvania Advanced Reactor, a large-scale 
homogeneous type—was first announced in July 1955, 
and has been under active development since August 
1955. $5.5-million of private capital has been spent to 
date by the two firms. Their joint proposal asks, first, 
$7.3-million AEC financial support for further research 
and development during 1958-59, and second, promises 
a decision in December 1959 to begin actual construction 
of a plant to be completed by end of 1963, or termina- 


tion of the project if the results of the next two years’ 
research do not warrant building the nuclear station. If 
the plant is to be built, AEC aid up to $18-million during 
construction and the first five years of operation is sought, 
as well as waiver of uranium and heavy-water use 


charges. If the project is terminated after two years, 
the firms undertake to repay AEC for research aid dur- 
ing 1958-59. Although all known PAR reference de- 
signs to date had been for a 150-Mw(e) plant, the third- 
round proposal refers to a plant with a generating ca- 
pacity of 70-150 Mw(e). 

Back in June AEC extended the minimum completion 
date for third-round plants using fluid fuel reactors from 
June 30, 1962, to “at least” June 30, 1963, in a move 
then interpreted as applying principally to PAR; but 
P. P. & L. officials at the time told Nucieontcs that the 
extension did not apply to them as the new date was still 
too restrictive (NU, July 57, 25). 


LEAKS HOLD UP DANISH REACTOR 


A 3-6-month delay in completion of Denmark’s second, 
tank-type research reactor has been caused by leaks in 
the tank. Thirty holes were found during testing of the 
aluminum vessel, already mounted at the Ris¢ nuclear 
center. Foster Wheeler Corp., builder of the reactor 
and fabricator of the tank, has sent John Cartinhour, 
nuclear department manager, to Risé to investigate. 
Repairs are said to require $40,000; Danish firms have 
offered to do the rewelding. 


ALASKA REACTOR FINALLY SET 


The long-projected package power reactor for Alaska 
(NU, Aug. °56, R9; Apr. '57, 19; July, 25) has been 
authorized by the Army. Modeled on the APPR at 
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Ft. Belvoir, APPR-lb will be built at Ft. Greely, 60 mi 
S of Fairbanks on the Alaskan Highway. It will pro- 
duce 42-million Btu and 1.7 Mw(e) for Ft. Greely. 
Congress has authorized $6,675,000 for the project. 


LPTR STARTED UP 

The Livermore Pool-Type Reactor went critical Dec. 13 
at the Univ. of California Radiation Laboratory, on 21 
U-Al fuel elements containing a total of 3,192 gm U™. 
Its 3 x 10” neutron flux is the highest of any West 
coast research reactor; when brought to full power it will 
operate at 1 Mw. Its two graphite thermal columns 
and 14 beam holes will be used for research in chem- 
istry, physics and biology. Cost to AEC for the reactor 
and associated labs, utilities and equipment is $675,000. 


YANKEE LETS SPHERE CONTRACT 


Chicago Bridge & Iron Co., builder of the Dresden 
stition sphere, wrapped up a $1.5-million contract to 
build the vapor container for the Yankee nuclear station 
at Rowe, Mass. This sphere will be 125 ft dia, mounted 
on 16 supporting columns; its steel plates will weigh 
1,800 tons. Delivery of plates is to start in July, erec- 
tion later in the year for mid-1959 completion. Pre- 
liminary site work is underway. 


TREAT TO BE STARTED THIS SPRING 

Another reactor for the National Reactor Testing Station 
in Idaho, TREAT (Transient Reactor Testing facility), 
will be placed in construction by Argonne National 
Laboratory’s Idaho division early this year. Bids are 
due Jan. 20 on construction of the reactor and control 
buildings and related services, estimated to cost about 
$450,000. The facility will test to destruction fuel 
elements for breeder reactors. 


MARTIN PACKAGE POWER PROGRESSES 

Martin Co.’s critical facility went critical last month 
with the core designed for its package power reactor. 
The core loading was ~700 stainless-clad, enriched-U 
fuel tubes. Tests of the fuel element at the Materials 
Testing Reactor showed 41.7% burnup after 11 months’ 
irradiation, retention of structural integrity, and freedom 
from deterioration, distortion or blistering. 


LOCKHEED TO ENTER POWER REACTOR FIELD 
Lockheed’s Georgia division will design and build nu- 
clear reactors for power and heat at its Marietta, Ga., 
plant, according to its general manager, Carl Kotchian. 
Several proposals are being submitted seeking contracts 
“on the basis of our own designs and research develop- 
ments,” says Kotchian. The Georgia division is also 
building a nuclear research lab for the Air Force near 
Dawsonville; the test reactor there is slated to go critical 
late this year and to start full operations in March 1959. 
As present indications show the Air Force will not use 
the facility’s full capacity, additional radiation test work 
is being sought. 


ANOTHER WESTINGHOUSE CARRIER JOB 

A $46-million contract for design and fabrication of “re- 
actor compartment components” for the first nuclear- 
powered aircraft carrier tae gone to Westinghouse, the 
Navy announced; it added that the contract covers “such 


. items as instrumentation, controls, valves and pumps.” 


Westinghouse has earlier contracts for the ship’s eight re- 
actor pressure vessels and 32 steam generators, and for 
its main propulsion machinery. 
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News in Brief 


Argonne Gets 12.5-Bev Accelerator 

After long consideration, AEC has authorized construc- 
tion of a $27-million, 12.5-Bev proton accelerator at 
Argonne; $1.5-million has been made available for de- 
tailed designed work. The machine, when completed 
in 1961-62, will produce a greater number of accelerated 
particles than any of the other big accelerators built or 
building anywhere in the world, AEC says, although two 
now under construction will have higher particle energies: 
AEC’s Alternating Gradient Synchrotron under way at 
Brookhaven since 1954, and a similar unit being built 
in Geneva by the European Organization for Nuclear 
Research (CERN), which are in the 25-30-Bev range. 
On their completion in 1960, they will be the world’s 
most powerful accelerators. Russia has recently placed 
in operation a 10-Bev accelerator. 

AEC action on the Argonne machine caps a two“year 
rivalry between Argonne and Midwestern Universities 
Research Association (MURA) (NU, March ’56, 18). 
MURA has wanted AEC to build a new advanced type 
of accelerator it has designed, at its own site at Stough- 
ton, Wis.; it would have an energy equivalent of a trillion 
electron volts. In a conciliatory statement, AEC pointed 
out it has already given MURA $2-million for its studies; 
that the MURA machine would cost $100-million and 
take 5-7 years to build instead of the 4-5 of the 
12.5-Bev Argonne unit; but that if MURA demonstrates 
the technical feasibility of its design, AEC will consider 
building it. Even then, however, because of the “large 
supporting facilities in many scientific fields” required, 
AEC would favor the Argonne site where such facilities 
are already in existence. 


Food Irradiation Center Plans Go On. 

In spite of the closing out of the Food Irradiation Reac- 
tor project (NU, Nov. 57, 22), work is continuing on 
the Army Quartermaster Corps’ food irradiation research 
center at Stockton, Calif. Irradiated Products Inc.— 
a joint venture of Armour & Co., Continental Can Co., 
General Foods Corp. and Food Machinery & Chemical 
Corp.—has received a Defense Dept. contract for pro- 
duction planning of the center, including layout, design, 
and production methods. The plant will consist pri- 
marily—now that the reactor has 8 eliminated—of an 
electron accelerator and a gamma source. 


World Radiation Research Congress Set 

The National Academy of Sciences —- National Research 
Council and the Radiation Research Society are organiz- 
ing an International Congress of Radiation Research at 
Burlington, Vt., Aug. 10-16, 1958. It is expected to 
bring together 150 leading researchers in radiobiology, 
radiation chemistry, radiation physics and radiology 
from 30 countries to discuss the Congress’ objective: un- 
derstanding of the processes of interaction of radiation 
and matter. Although having the cooperation of AEC, 
the Department of State and the National Science Foun- 
dation, the organizers feel it essential that sponsorship 
reside in private scientific groups, and are seeking to 
raise $40,000 of the total $75,000 budget from industry 
and private sources. Contact John S. Coleman, Na- 
tional Academy of Sciences, Washington. 


Vol. 16, No. 1 - January, 1958 


Forum Sponsors ‘Nuclearama’ 

An international traveling exhibit of atomic industry 
equipment called Nuclearama, aimed at technical and 
management audiences, is being organized by the Atomic 
Industrial Forum. “Manufacturers of equipment, com- 
ponents, nuclear materials, essential accessories and di- 
rectly applicable services” may contract for one to four 
6-x-4-ft panels carrying exhibits about their products 
or services. Nuclearama will be shown a minimum of 
five times during the two-year contract period; it has 
already been scheduled for the 1958 Geneva conference 
and the 1958 Forum annual meeting. 


PRDC Hearing Record Closed 

AEC Hearing Examiner Jay A. Kyle has finally closed 
the hearing record on the Power Reactor Development 
Co. case and certified it to the Commission, which now 
has the case under consideration. 


Plan Study on A-Power Development 

The Twentieth Century Fund is undertaking an ex- 
amination of the economic need for nuclear power in 
the U. S., and its relationship to U. S. ability to meet 
international demands in this field. Research director 
of the study is Philip Mullenbach, a former AEC 
economist more recently research director of the Na- 
tional Planning Assn.’s nuclear energy project. 


AEC Adopts More Stringent Exposure Limits 

The new, lower maximum permissible radiation ex- 
posures recommended by the National Committee on 
Radiation Protection (NU, Jan. 57, R3) have been ap- 
proved for use by AEC in its facilities and those of its 
contractors. “No appreciable modification of present 
radiological safety practices will be required,” AEC says, 
to put the new standards into effect. 


Graver Low Bidder on EBR-2 Job . 
Graver Tank & a Co. was apparent low bidder, at 
$663,547, of seven firms seeking to build the outer con- 
tainment shell for AEC’s Experimental Breeder Reactor 
2 at the National Reactor Testing Station in {daho. The 
vessel is to be 80 ft dia, 139 ft high, of 1l-in. carbon 
steel plate; the job includes excavation of « pit for the 
building shell and construction of a 200,000-gal water 
storage tank. 


Insurance Study for Forum at Harvard 

Harvard Law School has started a study for the Atomic 
Industrial Forum of international of providing fi- 
nancial protection to the public and to industry against 
nuclear risk. The Forum last year published a report 
by Columbia Law School on domestic aspects of the 
nuclear insurance problem. 


Reactor Zirconium Price Slashed 

Carborundum Metals Co. has announced a new price 
for reactor-grade zirconium sponge: $7.50/Ib in 1,000-Ib 
lots. This is the third major Zr price reduction by 
Carborundum since 1953, when the price was $22/Ib. 


AGN Nucleonics a Wholly-Owned Subsidiary 
Aerojet-General Corp. has acquired 100% ownership of 
its subsidiary Aerojet-General Nucleonics, in which it 
formerly held about 80% ownership. No change is 
planned in location, policy, officers or management of 
the subsidiary, which has grown from 25 scientists and 
technicians in July 1956 to 150 today. 
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Isotope Statistics Now NUCLEONICS Statistics of the Month 


On Licensing Basis 


Reflecting the coming of age of 
radioisotope use, AEC is shifting its 
isotope-distribution statistics from an Nuclear Construction Projects in Progress 
authorization to a licensing basis. Li = +, sepybaigmmames 

From Aug. 2, 1946, to Feb. 10, Hy 

1956, isotopes were dispensed under 
an AEC authorization procedure. 
In that period 3,100 organizations 
were authorized to use isotopes. 
On Feb. 10, 1956, the authorization 
— was changed to a more 
ormal licensing procedure, and the 
task of converting authorizations to 
licenses was begun. Because this 
process is now more than 90% com- 
plete, and because the licensing pro- 
cedure has been in effect for nearly 
two years, AEC is converting to a 
licensing report. 

The October 1957 monthly re- ; 

rt stated that 4,353 organizations N.B.-Drop caused by completion of $110-million Shippingport plant. 
had been authorized, or licensed, Latest Meath 
since the beginning of the program. 

The November report, first under ie 


the new system, shows only 3,335 
organizations licensed. The total Contracts awarded for federal projects ($10*) 3,354 9,583 


number now holding valid licenses Proposed construction, privately-owned ($10*) 17,090 0 
is lower for these reasons: Contracts awarded, private work ($10°) 30,500 9,500 
1. Large institutions at multiple Backlog of private projects ($10°) 243 226 
locations, previously holding several 
authorizations, have been issued a Access Permitst— 
single basis license. (Indeed, this Access permits issued 25 25 
i one of the purposes of the licens- Total access permit holders 1,396 1,381 
ing procedure. ) 
2. Several authorizations _ still Isotope Uset— 


scare 8 athe nearly 12 years of Applications for isotope use 339 344 454 
radioisotope utilization, sedan ae Cumulative total of isotope users 3,3359 4,353 3,624 
Oak Ridge National Laboratory shipments 1,134 1,201 1,142 


ganizations have discontinued their 
use. Public and private export shipments 167 407 157 


4. The quantities of isotopes avail- 
able under general license (Code of Employmentt— 
Federal Regulations, Title 10, Part AEC employment 6,832 6852 6,626 
80, section 30.72) have been in- Construction and design. contractors’ employment 11,627 11,581 15,043 
creased; several users purchase Total operating contractors’ employment 97,925 99,150 92,832 
isotopes under general license with- Production workers 50,285 50,577 49,589 
out need for a specific license, and Research and development employees 41,305 41,822 37,277 
are thus not included. Miscellaneous workers 6335 6751 5,966 


month ago 














Westinghouse Billings, Operating Building Contracted 


B klog Both Up in 1957 LA.oa sae 
Westinghouse billings for 1957 in ee ett 

the atomic power field will nearly vancccocasles gah 

double those of 1956, Chairman Power experiments 

Gwilym A. Price declared in his Military and naval 

year-end statement, and at the same Research and test, domestic 

time backlogs are expected to be Research and test, for export 

higher. Much of this are is for Foreign-built Reactors$— 

the nation’s nuclear-powered Navy, Power, domestic 4 24 

“but a build-u can be expected in Power, for export 0 0 

the Commmercia field also,” he said, Research and test, domestic 24 17 

even though it will take some time Research and test, for export 3 9 


before atomic power will be able to = OMS eet : \ 
; . , 
te. : — eee = Aaa a McGraw- periodical {From AEC 3 mucizontcs figures 
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New Instrument News 


Operation and Selection of 
“RCLiac” Scaler- Analyzers 


General Description 


The “RCLiac” scaler-analyzers are innovations to nuclear 
data processing. Nuclear detector pulses are processed and 
quantized in total or in spectra. 


Operation and Application 


Two basic modes of operation yield extensive applications 
in the laboratory. Gross counting, the scaler mode of opera- 
tion, affords events-per-interval-of-time or time-per-event anal- 
ysis. Time intervals or event totals may be preset. Simple 
applications in this mode of operation are: half-life determina- 
tion, pulsed reactor response, fast-neutron velocity distribution, 
and other similar studies. With the aid of an automatic sample 
changer, as many samples as there are channels can be 
counted, automatically. 


The spectrometry mode of operation allows background 
reduction, smaller tracer doses, isotope identification, complex 
spectral distribution analysis and other related analyes. 


With their inherent versatility of operation and application 
the RCLiacs are believed to be destined to become as univer- 
sally accepted in the nuclear field as the oscilliscope is in 
the electronic field. 


Readout 


The RCLiacs have two basic readout modes, “Curve” and 
Number’. “Curve” readout plots grophicolly the total count 
recorded in each channel. “Number” readout displays the 
arithmetic total of counts received in each channel in decimal 
Arabic form. Both RCLiac models have switch-selected “Curve- 
Number” readout displayed on a cathode-ray tube which 
presents a photographic image for rapid and accurate record- 
ing of data for permanent reference. 


Design 


Reliability, precision and ease of operation have been 
designed into the RCLiacs. Design features which contribute 
to these parameters of operation are: 95% transistorization 
affording greater reliability and lower power requirements, 
printed circuitry throughout and modular construction afford- 
ing unique adaptions for specific situations. Yet the RCLiacs 
are remarkably small in size and weight, actually portable. 


Selection 


Selection of your RCLiac should be based primarily on your 
facility's basic research requirements. For the modest laboro- 
tory the RCLiac-32 should be considered, while larger installa- 
tions may require the RCLiac-128. The RCLiac-128 has four 
times the range of the RCLiac-32, affording a greater energy 
range in the spectrometry mode and a greater range of opera- 
tion in the gross counting mode. 


The finest spectrometry instrument now in use is the RCL 
256-channel analyzer, the most widely accepted instrument 
for pulse-height analysis. 


Your RCL representative can offer excellent counsel and 
help you in the proper selection of the right RCLiac for you. 
Write today for more detailed information on the RCLiacs 
and a list of representatives near you. 
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Introducing 


RCLic-32 and 128 


transitorized multi-channel 
scaler-analyzer 
data processing systems 


One instrument that performs all operations from detection to qualitative 
or quantitative analysis. All counting and analytical operations from simple 
gross counting through scintillation spectroscopy and pulse-height analysis car 
be accurately and rapidly processed by the RCLiacs. 

The RCLiac-32 and the RCLiae-128 are basically the same, the major difference 
being the number of channels. 

Reliable operation is guaranteed by transitorization, printed circuitry, plug-in 
modules and a magnetic core memory. Design features include: built-in power 
supply with negative voltage continuously variable from 500 to 1500 volts; 
maximum input pulse rate of 50,000 cps.; preset time for analyzer or scaler 
functions; and decimal arithmetic circuits which can count to 10° and add or 
subtract without complementing or other complex operations. 

Input power, one ampere, 105-120 volts, 50-60 cps. Dimensions, 20” x 21%” 
x 18%, and weight, 102 Ibs. for the RCLiac-32, assure portability. (RCLioc-128 
weighs 109 Ibs.) 


RCL’s 256-Channel Analyzer 


For the reseorch laboratory that needs the full range 
of 256 channels, the precision and accuracy of the 
RCL-256 are unmatched. New features: interpolation 
lights which aid in setting the zero point; dead time 
corrected for up to 27 hours of continuous operation; 
decimal conversion with direct channel identification; 
readout pr ted via cathode-ray tube display and a 
Hewlett-Packard 560-A printer (original equipment). 








Radiation 


Counter 


Laboratories, Inc. 


NUCLEONIC PARK, SKOKIE, ILLINOIS 
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Radiation Counter Laboratories, Inc. Dept 118 
Nucleonics Park, Skokie, Ill. 


Gentlemen, 


(C) RCliac-32, [) RCLiac-128, 


Please send me information on the 
[} RCL’s 256 Channel Analyzer. 


Name 





Address 
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PROFITABLY! This fast-growing elec- 


tronic, nucleonic and mechanical engineering and re- 
search center of Florida invites you to join these major 
business firms who have located in this area. Available 
skilled workers, excellent schools, fine transportation 
make an ideal community in which to live, work and 
play where most people dream of retiring. Write today 
for detailed literature. 


ST. PETERSBURG CHAMBER OF COMMERCE 


Jack Bryan, industrial Director Dept. N St. Petersburg, Florida 
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Our most treasured ingredient 
at Kaiser Engineers is ingenuity. It 
manifests itself constantly in new, 
more efficient, and tested ways of 
designing and building our clients’ 
plants. 


Veteran KE engineers can take 
your facilities idea from a gleam 
in your eye through start-up. Or, 
they can perform any part of the 
project. One contract can cover all. 


KE ingenuity—applied in fresh, 5 ROLEUM 
daring ways since the start of con- 
tracting in1914—can benefit your 


facilities. Investigate KE now! 

\ 
| 

ee. 
\ | 


MINERALS 


has made KE a major engineer-contractor 
serving many industries 


\ 
KAISE: 1 
\F7 ENGINEERS 


engineers —contractors 
Contracting since 1914 


Division of Henry J. Kaiser Company « Oakland 12, California « New York, Pittsburgh, Washington, D.C., 
Buenos Aires, Calcutta, Dusseldorf, Montreal, Rio de Janeiro, Sydney, Tokyo 


economic analysis « plant location + engineering - design » procurement * expediting « construction 
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ElectroniK recorders . . . with spe- 
cial scales for nuclear process 
variables. 


MegopaK thermocouple wire . . . de- 
signed for fuel element temperatures in 
nuclear installations. 


Safety amplifiers . . . one of 


eight special units for reactor 
control rom 


Pressure gages . . . for 


source coolant flow, monitoring, 


and other applications. 





: ---reactor instrumentation 
naiee ase instruments for every need 


. «» for use on graphic panels or 
to save space, 





What are your instrumentation requirements—a single in- 
strument ... a packaged nuclear reactor control system? You 
can place undivided responsibility with Honeywell for every- 
thing from initial specifications to complete installation and 
startup. 


From this one source, the world’s largest instrument manu- 
facturer, you also receive expert engineering assistance in 
application and maintenance . . . and prompt, efficient service 
from a branch office near you. 





Your local Honeywell sales engineer will be glad to help you 
select the reactor instrumentation you need. Call him today 
... he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Divi- 
sion, Wayne and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
'H Touts tow Coutols 
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Three-mode controllers . . . matched 
to reactor characteristics. 
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wee ZIRCONIUM 


available now...in quantity! 





New Oregon Plant Assures 
Immediate Delivery of High-Purity Sponge 

A reliable source for reactor or commercial grade ZIRCONIUM 
... that will give you on-time deliveries 

A large scale supplier to the AEC, Wah Chang Corporation| is 
now ready to fill all your ZIRCONIUM needs as they occur Flare} 
at competitive price: 

The quality of WCC ZIRCONIUM entr -d to experienced "Af 
personne! whose skill has guided the development of ZIRCONIUM 
as a commercial metal. In addition, WCC ‘controls every manu 
facturing process from sand t ng 

That’s why WCC ZIRCONIUM has the consistent ptopertia WAH CHANG 
needed to fulfill exacting application: jing: exceptional 
eon d) he an ielm@=t-b1-me) Mere)aal oy-londlal-ar-lale mae) iil ay = excellent corrosion eS oO ind P oO iad AT | '@) N 
resistance 

SEND FOR COMPLETE INFORMATION, PRICES OR TECH 
NICAL ASSISTANCE 

More WCC Metals are on the way... !iook for them. 


WOOLWORTH BUILDING, NEW YORK 7, N. Y 


0 ae eC TOMORROW CLOS 
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Which is the key 
to economical nuclear power? 


In any reactor, economical power 
production depends a great deal 
upon the design, composition and 
construction of the fuel element it- 
self. Shape, size, mechanical struc- 
ture and degree of enrichment all 
play a part in the extraction of maxi- 
mum energy with minimum fuel cost. 

Sylvania-Corning was a pioneer 
in the development of efficient re- 
actor fuel elements and practical re- 
processing techniques. During more 
than eight years of successful expe- 
rience in solving advanced technical 
problems in atomic energy, they 
have built up a unique and highly 
specialized research organization. 
Staffed with top-ranking scientists 
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and engineers, working in well- 
equipped laboratories, Sylvania- 
Corning carries on a constant pro- 
gram of reactor fuel research in four 
basic fields: materials, fabrication 
and test development and fuel- 
element production. 

Particular stress is laid upon the 
development of test methods —both 
in and out of reactor. For only by 
means of satisfactory test methods 
can new designs and materials be 


Sy 


SYLVAN IA — 


arrOF 2 oa « 


evaluated. To this end, Sylvania- 
Corning has perfected a number of 
unique methods of reliable projec- 
tive evaluation. 

If you are wondering which type 
of element will prove most effective 
in your own reactor, we will be glad 
to make recommendations on the 
basis of our long and specialized ex- 
perience in nuclear fuels. Sylvania- 
Corning Nuclear Corporation, Bay- 
side, N. Y. 


OR 


CORNING 
NUCLEAR CORP. 
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Now you can get 
both 17-4 PH* and 17-7 PH* stainless steel plate 


from CARLSON 





Se 
ee 


Bk peas 






P ee ¢ 


Beste soso ee 

















olied anywhere- 
-4 PH* plate ever © brasive 
nen on a +s plate is being moved to the @ 
This 179 * 


i size. 
cutters for trimming to specified 


You can build equipment with either of 
two precipitation-hardening stainless 
plate grades—17-4 PH* and 17-7 PH*. 
Both are available at Carlson—both can 
be cut to your exact specifications to 
save delays and true-up time in your 
own plant. 

The Armco-developed 17-4 PH and 
17-7 PH grades combine ease of fabrica- 


tion, hardenability, high strength and 
corrosion resistance. These grades have 
the desirable mechanical properties of 
the hardenable chromium types and a 
workability and corrosion resistance ap- 
proaching regular 18-8 stainless steels. 
Simplified low temperature heat treat- 
ments will produce a Rockwell hardness 
of C40 to C50. And tensile strengths 


range from 180,000 to 215,000 psi de- 
pending upon the heat treatment. 

Take full advantage of our complete 
service in stainless steel plate and plate 
products. Write, wire or phone for 
detailed information on 17-4 PH and 
17-7 PH stainless steels. 


*Trade Mark of the ARMCO STEEL CORPORATION 


GO,GEVRESOM Ze 
Stainless Steels Exobusively 


THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


PLATES ¢ PLATE PRODUCTS e HEADS « RINGS © CIRCLES © FLANGES e FORGINGS © BARS ond SHEETS (No. 1 Finish) 
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ase ee ww» ELECTRONIC 
INSTRUMENTS - COMPONENTS - ACCESSORIES 
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Victoreen 


INSTRUMENT CO. 


World’s Most Versatile Unit for Measuring Radiation 


JORDAN RAMS Il 


Remote Area Monitoring System 


The Basic RAMS TI System 


© Offers a choice of 32 standard plug-in-units available from stock to fill 
nearly every radiation monitoring requirement. 

@ Monitors up to 20 channels from ONE CONTROL panel. 

@ Choice of sensing elements—sma!! chamber for high intensity (10 mr/ 
hr to over 100,000 r/hr) or large chamber for fast response at low 
levels (below 10mr/hr). Chambers can be located up to TWO MILES 
from the Control Unit without pre-amps 

@ Remotely controlled check source verifies channel accuracy at any time. 


You can begin your RAMS II System with one channel and 
one contro! panel and add more channels as needed. 


Station units are available with single or dual logarithmic scales of three decades 
each. Equally accurate measurements of true dose rate over a range of 1,000: 
1 to 1,000,000: 1 are possible only with logarithmic response pioneered by Jordan. 
Adding or changing station units is as simple as plugging in a tube. And, each 
station unit contains al! indicators and controls for one channel. 
Simply pressing a button on any station unit transfers the reading to the large 
accurate Control Pane! Meter. 
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4 BASIC STATION UNITS 


1 INDICATING METER * Health Monitoring 
for continous indication e Level indication 


2 METER RELAY ¢ Hot Laboratories 
to actuate alarm circuits © Radiation Therapy 
3 INDICATING METER : prary trnnspal Projects 
RELAY vil Defense — 
¢ Hospital Radioisotope 
Treatment 
¢ Other Applications: 
1. Monitoring during & 
after Atomic tests. 
2. installation near 
cyclotrons and other 
particle accelerators 


TYPICAL APPLICATIONS: 


to actuate alarms and 
indicate continuously 


4 NON-INDICATING 
for low-budget 
installation .. . reading 
Is obtained on the 
44%" Panel Meter 
























Victoreen JORDAN'S NEW PORTABLE NEW JORDAN PORTABLE 
. RADIATION 
MONITOR 






> 


fede 
&> 







a 
VICTOREEN. RADOCON 
For Roentgenologists, Radiologists 
Radocon provides — complete and 
automatic X-Ray control. Set pre- 
established dose —y intensity range on 


VICTOREEN 
CONDENSER R-METER 
for POSITIVE RADIATION CONTROL 









Radocon, insert attached probe (ionization 
chamber) at body radiation site, and 
on will monitor exposure safely, re- 
shutting off ali equipment and 

signaiting ‘operator when exposure is com- 
plete. Continuous direct-reading of X-Ray 
gamma ray delivery rate. Direct-read- 

ing accumulated radiation dose during ex- 
posure. Sounds alarm in event of unwanted 
variations in delivery rate. Avoids overdose 
due to personnel or equipment failure. 











VICTOREEN MINOMETER 


Mode! 287 Minemeter is a convenient and 
efficient charger-reader meter for use with 
> 362 Pocket Dosimeters. Minometer 

s the dosimeters of each worker at 
the inning of the work day and meas- 
ures the — charge at the end of 
the work period without delay! in this way 
an accurate daily radiation exposure check 


can be made on each employee. Measures 
e drop in milliroentgens. 105-130 V, 
eg cycle A.C. only. Stray-radiation area- 
ype dosimeters chambers also available 
| aa No. 287 Minometer. 










Flexible—Model 570 R-meter provides ac- 
curate, convenient and reliabie radiation 
measurements in research and industrial 
labs, for chemical and food processing, 
and in X-Ray therapy. Uses interchange- 
able, easily attached ionization chambers 
for a wide variety of intensity and dosage 
requirements. Fast, positive zeroing — no 
triais. The name Victoreen is your assur- 
ance of technical perfection. 








——— 





¢ Your Choice 
| of 3 models 
Rigid-probe and extension- 
cable models are also avail- 
able for special applications 
Has widest range of any survey 
meter. its accurate logarithmic re- 
sponse from 0.01 mr/hr to.10,000 
r/hr eliminates the need and ex- 
pense of having a Geiger counter 
and both low and high range lon- 
chamber survey meters for Gamma 
and Beta measurement 
This versatile monitor with built- 
in check source for calibration can 
detect radiation at extremely low 
levels. Variation as low as 0.002 
mr/hr may be measured near back- 
ground levels. Weight 41 pounds 





Your, request ” technical bulletins and price quotations on Nucleonic and 
Electronic requirements will receive our prompt attention, without obligation. 
EXPORT DIVISION 


TERMINAL FRADIO INTERNATIONAL LTD. 


135 Liberty Street, New York 6, N. Y., U.S.A. - 


Cable: TERMRADIO 


Ranges: .05 mr/hr to 500 r/hr 


The well-known and widely used Jordan 
Radectors are simple, reliable and in- 
expensive instruments for detecting a 
wide range of Gamma and Beta 
radiation 

The wide range of the Radector cov 
ers intensities now measured by Geiger 
Counters—medium and high range ion 
chamber type instruments 

For the low price of one instrument 
the RADECTOR performs the function 
of three expensive instruments, plus 
many other advantages ¢ simplicity of 
operation « minimum training period 
for its use and very little maintenance 
or repair costs. Weight 3% Ibs 


IONIZATION CHAMBER: High pressure, 
argon filled. Beta window — 1 mil (20 
mg/cm) stainless steel. Window open- 
ing—equivalent to 0.5” diameter. Beta 
rejection screen — .036” stee!. Gamma 
ray energy dependence — Substantially 
independent between 80 kev. and 1.2 
mev 


* Phone: WOrth 4-3311 
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Perhaps we have 


Hot cell handling problems have been met— 
and solved—for nearly a decade by General 
Mills engineers. Our fund of nuclear handling 
know-how is available to you. Consultation in 
the early planning stages of your installation 
could save you time and money—and result in 
more efficient operation. 


already solved 
your nuclear handling problem 


Whether your requirement is a standard 
General Mills Mechanical Arm or special equip- 
ment-—-or if you are wondering which—contact 
our Nuclear Products Department, 1620 Central 
Avenue, Minneapolis 13, Minnesota. The phone 
is STerling 9-8811. 


General 


MECHANICAL DIVISION Mills 


Creative Research and Development 


+ Precision Engineering and Production 





TUBEXPERIENCE IN ACTION 











Nuclear reactor heat exchanger tubing must not fail 
That’s why Superior tubing is specified 


When the count starts rising in a nuclear pile 
and the reactor goes critical, the heat ex- 
changer begins its vital function. Reactor 
heat exchangers require tubing of the highest 
quality 

This tubing must offer rapid and efficient heat 
transfer. It must be bright and clean, with 
extremely smooth ID and OD surfaces for 
uninterrupted fluid flow. Walls must be uni- 
form throughout—no heavy sections to slow 
down heat transfer, na,thin spots where scaling 


or corrosion might gain a foothold. Ductility is 
also important for fabrication ease. Excellent 
weldability is a prime requirement. 


Superior has been supplying high quality tub- 
ing in a wide variety of analyses and sizes to 
heat exchanger manufacturers for many years. 
We produce to the most exacting tolerances 
and specifications. Get more information and 
free literature today on Superior tubing for 
atomic power. Write Superior Tube Company, 
2027 Germantown Ave., Norristown, Pa. 


Swwarvir lude 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2, in. OD 
West Coast: Pacific Tube Company, 5710 Smithway Street, Los Angeles 22, Calif. * RAymond 3-133] 
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A simplified guide to select... 


umps for 
_ nuclear fluids! 


The chart below offers an easy guide to proven pump types 
now available for nuclear fluid handling. These pumps 
are listed by types of fluid circulated in the 
three basic commercial reactor developments. 


FLUID CIRCULATED 


RECOMMENDED 
PUMPS AVAILABLE 


PERFORMANCE 
RANGES 





PRESSURIZED WATER, 
BOILING WATER AND 
HEAVY WATER 


a. Liner Motor Pumps 


b. Mechanically- 
Sealed Pumps 





LIQUID METALS 
(SODIUM, BISMUTH, ETC.) 


2 


"Pressures as required 





ORGANIC 
EXPERIMENTAL 


NUCLEAR 
DEVELOPMENTS 


a. Vertical-Inert Gas 
(Mechanically-Sealed) 


 b. Vertical-Oil Filled 
Motor Pump 
(Mechanically-Sealed) 
c. Vertical-Gas Filled 
Motor Pump 


5 a — 


d. Liner Motor Pumps 


a. Special Process Pumps 
(Mechanically-Sealed) 

Byron Jackson’s Nuclear Pump 
Section is ready to assist you 
in new development projects. 
All of the above pump types 
are available and new designs 
can be created for experi- 
mentation. 








Capacities: To 17,000 gpm 
Pressures : To 5300 psi 
Temperatures: To 700° F. 


Capacities : To 125,000 gpm 
Pressures: To 2,000 psi 
Temperatures : To 600° F. 


Capacities : To 25,000 gpm 
“Pressures: 
Temperatures: To 1600° F. 


World's largest 
Liquid Sodium 
2 [site Medes tt Pump 
Capacities : To 5,000 gpm 
*Pressures: 
Temperatures: To 1600° F. 
Capacities: To 5,000 gpm 
“Pressures: 

Temperatures: To 1600° F. 


“Capacities: To 5,000 gpm 
“Pressures: 
Temperatures: To 1600° F. 
Capacities, pressures and 
temperatures as required. 





Capacities, pressures and 
temperatures as required, 


ONLY BYRON JACKSON designs and manufactures nuclear 
pumps and mechanical shaft seals to answer all nuclear fluid 
handling requirements. BJ Pumps are in use or on order for almost 
all major commercial reactor developments in the United States. 
This broad background in nuclear pumping methods can help 
you find the best answer to your small or large nuclear pumping 
requirements... with important savings in time and money. 


INCORPORATED 
A Subsidiary of Borg-Warner Corporation 
BOX 2017A, TERMINAL ANNEX + LOS ANGELES 54, CALIFORNIA 


% HP, 2000 PSI Liner 
Motor Pump 
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PHILIPS equipment for 
Nuclear Physics and Atomic Energy 


Shown here is a 4-stage cascade accelerator, which supplies 
a heavy particle beam of 1 mA at a voltage of over 700 kV. 
Similar units can be supplied for other energy ranges. Accessory equipment —— 
various tina 
such as electronic stabilizers keeping the accelerating voltage constant energies 
within 1:1000, beam deflecting magnets, etc. are available if required. . 
inear electron 
accelerators 


Cockcroft-Walton 
accelerators 


Radiation measuring 
equipment 
Area monitoring 


instrumentation 


Civil defence 
instruments 


Reactor control 
instrumentation 


Geiger tounter 
tubes 


Radio-active 
isotopes 


Air liquefiers 


Generators for 
very high d.c. voltages 


LIPS 


Nuclear 
4-stage compact cascade accelerator installed at the Physikalisch Equ * pment 


Technische Bundesanstalt in Brunswick, Germany 
(Photo by courtesy of P.T.B., Brunswick). 


For further information please apply to one of the following addresses: 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN 
Scientific Equipment Department, Eindhoven - Holland 
PHILIPS 
PHILIPS ELECTRICAL LTD., 


Research and Contro! Instruments Division, Shaftesbury Avenue, London W.C. 2 


PHILIPS ELECTRONICS iNC 
Instruments Division, 750, South Fulton Avenue, Mount Vernon N.Y. U.S.A. 
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One ofa series ANNOUNCING H&N's NEW NUCLEAR D/V/S/ON 


Kelly McBean, Manager of H & N’s new Nuclear Division, tells 
“What We Learned on Eniwetok About 


The Strange Structures that Test Atomic Safety” 


To the eye, this atom age structure is little more than a bleak and involved massive problems in radiation shielding and blast-resistant 
faceless building. Yet its seemingly characterless masses of concrete construction. Although Eniwetok test data cannot be translated directly 
must be meticulously designed. Nine years of continuous experience into industrial radiation containment concepts, the engineering method 
in the design and construction of the AEC’s Eniwetok Proving Ground, can—and the proof of these design methods under maximum radiation 
plus two years of exhaustive research in the States, has taught us that and maximum pressure assures more confident safety predictions. But 

uclear safety requires engineering concepts that are new to industrial confidence in safe design depends first on sure knowledge of the forces 
design and construction. Also required is an unprecedented union of creating the hazard. At Eniwetok, as in your plant, this means the 
specialized science with experienced engineering. Our Nuclear Divi- nuclear physicist and the engineer attack the radiation problem 
1 offers both, focused on the safety of industrial nuclear facilities in together. Our Nuclear Division includes a nuclear physicist who has 
its aspects, from the nuclear characteristics of the source to the specialized in reactor hazard evaluation, in all known concepts. The 
firm invites consultation on special safety problems—or the full respon- 


$101 


integrity of shielding and containment.” 


at 


HOLMES & NARVER’s long experience with nuclear test facilities has sibility — from plan to finished plant. 
A new booklet, “Nuclear Safety)’ is available upon request 


Holmes & Narver, Inc. 


828 South Figueroa Street, Los Angeles 17, California 
1737 H Street NW, Washington 6, D.C. 


THE ATOMIC ENERGY PROGRAM SINCE 1948 





HIGH PURITY RARE EARTHS 


Available in quantities at surprisingly low cost 


A few months ago, in one of these re- 
ports, we presented this table of high 
purity rare earth and yttrium oxides. 
We anticipated inquiries, of course, but 
the flood of letters requesting detailed 
information really startled us. 

What interests us particularly, and 
will you, is the fact that so many re- 
search people are intrigued with the 
practical possibilities of these unique 
materials. The large amount of research 
now being done on high purity rare 
earth oxides in a wide variety of indus- 
tries encourages us to suggest the 
likelihood that they may offer you op- 
portunities for potentially profitable in- 
vestigation. 

Already, in a little more than two 
years since rare earths in purities up to 
99.99% became available in commer- 
cial quantities, they are being used as 
basic production materials in many 
chemical and industrial operations. 


Production Up— Costs Down 


We have expanded our production fa- 
cilities to keep up with demand and 
now have more than 100 ion exchange 
columns in continuous operation. 
Quantities are large enough to assure 
youa dependable source of supply. 
Prices are low enough to make their 
use on a production basis economically 
sound. 

Most of the high purity rare earth 
and yttrium oxides are available for 
prompt deliveries in quantities of an 
ounce to hundreds of pounds. 

We can't tell you how to use high 
purity rare earths in your production 
operations, nor can we promise that one 
of them may be the missing element in 
new process or product developments 
on which you are working. We can, 
however, supply you with data which 
you will find interesting, revealing and 
quite possibly of immediate impor- 
tance to you. 


a report by LINDSAY 





TYPICAL MAXIMUM IMPURITIES IN LINDSAY PURIFIED RARE EARTH AND YTTRIUM OXIDES 





ATOMIC 
NO. 


OXIDE 


CODE 


PURITY 


% RARE EARTH MAXIMUM 
IMPURITIES AS OXIDES 














La203. 


LANTHANUM OXIDE 


528 


529 


0.01 Pr, 0.001 Ce. 
0.0025 Pr, 0.0005 others 





Ce02. 


CERIC OXIDE 


215 
216 


0.2 (largely La + Pr + Nd). 
0.1 (largely La + Pr + Nd). 





Pr.0, 1. 


PRASEODYMIUM OXIDE 


726 


1 La + Nd + smaller amounts of 
Ce and Sm. 
0.1 Ce + Nd. 





NEODYMIUM OXIDE 


1-4 Pr, 1-4 Sm, 0.5-1 others. 
0.1-0.4 Pr + 0.1-0.4 Sm + 0.5 others. 
0.1 (largely Pr + Sm). 





SAMARIUM OXIDE 


822 


823 


0.2-0.7 Gd, 0.2-0.6 Eu, and 
smaller amounts of others. 
0.1 (largely Nd + Gd + Eu). 





EUROPIUM OXIDE 


1012 


101i 


1-2 Sm + smaller amounts of Nd + 
Gd +. others. 
0.2 (largely Sm + Gd + Nd). 





GADOLINIUM OXIDE 


928 


929.9 


1 Sm + Eu + trace Tb. 
0.1 Sm + Eu + trace Tb. 





TERBIUM OXIDE 


1803 
1805 


1 Gd + Dy + Y. 
0.1 Gd + Dy + Y. 





DYSPROSIUM OXIDE 


1703 


1705 


1 (largely Ho + Y + Tb + small 
amounts of others). 
0.1 Ho + Y + traces of others. 





Ho203. 


HOLMIUM OXIDE 


1603 


1605 


1 (largely Er + Dy + small amounts 
of others). 
0.1 Er + Dy + traces of others. 





Er203. 


ERBIUM OXIDE 


1303 
1305 


1 Ho + Dy + traces Yb and Y. 
0.1 Ho + Tm. 





Tm203. 


THULIUM OXIDE 


1405 
1403 


99 


0.1 Er + Yb + trace Lu. 
1 Er + Yb + trace Lu 





Yb203. 


YTTERBIUM OXIDE 


1201 
1202 


99 
99.9 


1 Er + Tm + trace Lu. 
0.1 Tm + trace Lu + Er. 





Lu203. 


LUTETIUM OXIDE 


1503 
1505 


99 
99.9 


1 Yb + Tm + traces of others. 
0.1 Yb + Tm + traces of others. 











Y203. 


YTTRIUM OXIDE 





1112 
1115 
1116 





99 
99.9 
99.9+ 





1 Dy + Gd + traces Tb and others. 
0.1 Dy + Gd + traces Tb 
Approx. 0.05 Dy + Gd. 





For detailed information and prices, write for our bulletin 
“Purified Rare Earth and Yttrium Oxides” 


PLEASE ADDRESS INQUIRIES TO: 


LINDSAY CHEMICAL (OMPANY 
Wirlds Largest Sroduen of Shoriun and Kare Cath Chanivals 


272 ANN STREET © WEST CHICAGO, ILLINOIS 
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Developed by ALCO thermal engineers, this sine-wave tube 
configuration has pioneered atomic heat-exchanger design. 


THE NEW SHAPE OF THERMAL EXPANSION 


Some heat exchangers in atomic power plants are ex- 
posed to tremendous fluctuations in temperature. This 
of course, that unusual expansion characteristics 
provided. ALCO engineers have answered this 
need by designing a unique sine-wave tube that elim- 
inates expansion joints and floating tube-sheets. 
Originally designed for America’s first atomic subma- 
rine, the Nautilus, this new concept is currently being 
applied in other ALCO heat exchangers for major nuclear 
power plants. The design itself is simple, but it safely 


absorbs thermal and shock loads through the flexing of 
the tubes’ sine-wave bends. 

This new shape of thermal expansion is typical of the 
advanced design concepts that ALCO builds into all its 
heat transfer equipment. As a leader in heat exchangers 
for the power industry, ALCO is now pioneering in the 
field of thermal engineering for the atomic industry. 

For complete information, contact your nearest ALCO 
sales office or write: ALCO Products, Inc., Dept. 133, 
Schenectady, N.Y. 


ALCO PRODUCTS, INC. 


NEW YORK 


SALES OFFICES IN PRINCIPAL CITIES 


s - Diesel Engines - Nuclear Reactors - Heat Exchangers 


Springs - Steel Pipe - Forgings - Weldments - Oil Field Equipment 





Step 3 in producing commercial boron 10... 


Nickel and Monel overcome corrosion by 
boron and potassium fluorides 


Because of its high neutron absorp- 
tion properties, Boron-10 isotope is 
now being made commercially avail- 
able in the form of a 92% concen- 
trate. 

The concentrate is produced by 
Hooker Electrochemical Co. (con- 
tract operator for the AEC) in an 
AEC-owned plant designed and con- 
structed by Singmaster and Breyer. 
A four step process involving fluorine 
and fluorine compounds is used. 

To overcome corrosion from fluo- 
rine compounds, Hooker has made 
wide use of Nickel and its alloys. In 
steps 1 and 2, the formation of a 
liquid BF, complex and its fractiona- 
tion into B,9-rich and B,,-rich con- 
stituents, Monel* nickel-copper alloy 
provides the principal corrosion pro- 


tection. In Step 4, the electrolysis of 
KBF, into elemental B,, at 760°C, 
the cathode is Monel alloy and the 
carbon anode is contained by an 
Inconel* nickel-chromium alloy shell. 


Step 3 converts B,,-rich BF, 
complex to potassium fluoborate 


In this step, the dimethy] ether—BF. 
complex is dripped into a mixture of 
potassium fluoride hydrate, ethanol 
and water to form potassium fluobo- 
rate. To speed the reaction and aid in 
driving off side products, heat and 
agitation are used. The reactor is the 
Inco Nickel kettle shown near top of 
photograph. Here pure Nickel not 
only prevents corrosion. It aids prod- 
uct purity, too. 

Monel alloy is used for the filter 


(below kettle) and drying tray (at 
left of workman). 


Nickel alloys have outstanding 
record in fluorine handling 


Nickel and its alloys consistently per- 
form well in environments contain- 
ing fluorine and fluorine compounds. 
They have outstanding resistance to 
corrosion by these chemicals and ex- 
cellent general resistance... to other 
chemicals, to heat, to cold, and to 
mechanical damage of all kinds. 
Inco’s Development and Research 
Division will be glad to help you ex- 
plore their possibilities. 
*Registered trademark 
THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


_INCO NICKEL ALLOYS 
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Jerome D. Luntz, Editor 


From Stagg Field to Shippingport 


HREE YEARS ELAPSED between the discovery of 
Faas in 1939 and the divergence in 1942 of 
the world’s first nuclear chain reactor. In an- 
other three years, 1945, the first atomic bomb 
Then, on December 2, 1957, 15 
years after Fermi’s success, the world’s first full- 


vas detonated. 


scale nuclear power station built for power pro- 
duction went into operation at Shippingport, Pa. 


The 1942 and 1945 achievements were madé, 


time of war. ‘Time was of the essence, and 
ost was not paramount. 

In the years that it took until the first large- 
power-reactor project was initiated—in 1953 
Time was not 
There 


vas no substantial clamoring for major shifts in 


the scale of values was reversed. 
of the essence, and cost was paramount. 


the size and scope of the reactor program. 

Now values are changed again, and Shipping- 
port has come on the line at a time when its sig- 
nificance must be examined in the light of cur- 
rent pressures to move the U. 8. to the fore in 
science and technology, and particularly in nu- 


lear energy. 


resent values indicate that the U. 8. needs to 

shift the orientation of its nuclear power pro- 
gram to serve the foreign policy objectives of the 
U. S. better. The U. 8S. also needs engineering 
experience badly so that nuclear power costs can 
Both needs must be filled fast. 

More than anything else, however, we need 
realism in our search for answers to the problems 
of the day. Nothing of any substance has hap- 
pened in nuclear technology in the past several 
months to cause any real change in the health of 
the industry. Forecasts of the realists of a dec- 


be lowered. 


ade ago accurately reflected the over-all situa- 
tion of today. 

But, unfortunately, those who have always in- 
vested the atom with an aura of unrealism have 
used recent statements on reactor costs as the 
basis for pessimistic pronouncements about 
where atomic energy is going. 

Take Shippingport as an example of how un- 
sound this point of view is. The initial capital 
and operating costs of the plant are meaningless 
in terms of understanding nuclear power eco- 
nomics. Although it’s not usually considered as 
such, Shippingport is really a large, experimental 
facility. It’s a laboratory. It is said to have 
been constructed to advance nuclear power tech- 
nology generally rather than solely for the 
purpose of developing the pressurized water 
reactor. 

All this costs money. And so Shippingport is 
expensive. But the fact is that it is a “reactor 
on the line.” And it’s a big one. 

It will bring us vast engineering experience. 
And so will the other reactors that are coming 
into operation. It is the experience—hardware 
—stage that we’re now entering, the stage that 
will provide realistic performance data for the 
first time. 


” 


|' is inevitable that atomic energy—nuclear 

power—will pay off for the U. S. and for the 
companies and people working in the field. 
Nuclear power is needed and will be needed in 
large quantities in the U. 8. and in many parts 
of the world. And the U. 8. must and will step 
up its efforts to serve these needs. Those who 
have the faith, ability, vigor and imagination to 
stay the route will reap the benefits. 





NUCLEONICS 


REPORT 


Understanding Nuclear Power Costs 


The economic problems of nuclear power are proving almost 


as refractory as the engineering problems once seemed. 


The 


two are related of course, but today questions concerning 
nuclear power are more often cast in terms of cost. 
To shed light on these economic matters, NUCLEONICS offers 


this special report on Understanding Nuclear Power Costs. 


On 


this page J. A. Lane reviews the present status of the field as a 


whole. 


On p. 48 W. K. Davis sums up the AEC’s viewpoints on 


costs and on p. 50 NUCLEONICS reports on the findings of a 


special symposium on fuel costs. 


Finally on p. 54H. L. Hollister 


and A. J. Burington provide insight into the whys and where- 
fores of the official price scale for enriched uranium. 


Where We Stand Today 


By JAMES A. LANE 


Ouk Ridge National Laboratery, Oak Ridge, Tennessee 


AT THE PRESENT TIME one can foresee 
nuclear plants which, if everything 
works right, will produce power at very 
low cost. Nevertheless the economic 
picture is influenced so very strongly by 
factors that are difficult to evaluate, 
that the estimated cost of power still 
depends mainly on whether one wants 
to be optimistic or pessimistic. We 
need real operating experience on the 
prototype reactors being 
structed before we can say that the 
low-cost-power projections are truly 
realistic. Available data, however, 
indicate that 10-mill nuclear power in 
the U. S. is still a possibility in the not 
too distant future. 


now con- 


Capital Costs 


The relation of current capital cost 
estimates to the original estimates is 
shown graphically for the major nu- 
clear projects in the figure* on p.47. A 
trend toward higher costs is clearly 
evident. It is interesting to note that 
in no case has an original estimate been 
revised downward. 


* Presented by W. K. Davis at the 
Atomic Industrial Forum, October, 1957. 


do 


These higher unit costs emphasize 
the difficulty of predicting plant costs 
in the absence of detailed designs and 
previous construction experience. In- 
formation based on the construction of 
first-generation reactors clearly indi- 





TABLE 1—Costs in Large-Scale Plants 





Cost estimates 


(mills /kwh) 





Reactor 





11.3-14.1* 
10.5-13.1* 


Yankee Electric 
Comm. Edison 
U. K. Civil 
Stage I 
Shippingport 
Thorium breeder 6.5-7.; 
Chalk River 28 


10.8-13.6* 
657 
9.9-13.47T 
5.38 


*‘*A Target for Euratom” (May 1957) 

+ Calculated from available data 

t ‘‘Economics of Nuclear Power” (Per- 
gamon Press, 1956) 

§ W. B. Lewis, NICB conference (March 
1957) 





cates that manufacturers are encoun- 
tering problems more difficult than 
anticipated and in view of this are 
raising bids to allow for adequate con- 
tingencies. The period of ‘buying 
into the reactor business’? seems to be 
coming to an end. 


Fuel Costs 

Because capital costs appear likely 
to be high even in the second- and 
third-generation plants, the future of 
economic nuclear power would seem to 
depend largely on the prospect of 
achieving low net fuel costs. Our 
ability at this time to make realistic 
estimates of fuel costs is even more 
limited than in the area of capital costs. 
Indications are, however, that (see p. 50) 
the conventional solid-fueled low-con- 
version-ratio reactor will have a rough 
time meeting the national average fuel 
cost of 2.7 mills/kwh for coal-fired 
plants. Although the influence of re- 
actor by-products, other than fission- 
able material, cannot be discounted, so 
far such by-products have not had an 
important influence on nuclear power 
costs. 

It appears that the most promising 
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3 
°o 


Unit Cost ($ /kw) 


8 
° 





between original design estimate and latest information. 
relation between investment cost/kw and reactor power (Chart prepared by W. K. Davis) 


get fuel costs down to the com- 


range of 1 


2 mills/kwh is to 


1dvantage of the savings in fission- 


costs 


aterial 


neutron ec In 


onomy. 


other 


effected by high 


words 


mn of excess neutrons for the 


m of fissionable 


material 


is 





TABLE 2—Estimated Maximum and 


Minimum Nuclear Power Costs 








Mini- Mazi- 
mum mum 
value value 
Annual Charges on Investment (%) 
Reactor plant 13 18 
rurbine plant 13 15 
Fuel and special 
ials 4 12 
Load factor 90 65 
Capital Costs ($/kw,) 
Reactor plant 100 220 
Turbine plant 95 130 
Fuel inventory 30 60 
DO entory 30 _— 
Fuel Cycle Factors 
Burnup per cycle 
Mwd /ton 10,000 3,000 
Fuel enrichment 
U? 0.71 2.0 
Plutonium credit 
$/gn 30 12 
Nuclear Power Costs (mills /kwh) 
Plant investment 3.2 10.4 
Fuel and D.O —0.5 4.5 
Operating and 
maintenance 0.8 1.5 
Total power 3.5 16.4 
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50 
Size (Mwe) 


CAPITAL INVESTMENT COST trends are shown by plot of capital costs for U. S. power reactors. Arrows show relation 
Latest figures lie closer to straight line representing theoretical 


s obtained in two 


This 


general types of reactors 


necessary. 
breeders and 
By the latter 
we mean a reactor such as the pres- 


regenerative reactors. 


surized-water, boiling-water or sodium 
graphite reactor, in which natural or 
slightly enriched uranium is consumed 
to produce plutonium as a by-product.) 

In the regenerative case, for example, 
if one assumes. pessimistic fabrication 
costs and an initial conversion ratio of 
0.8, a burnup of 7,000 Mwd/ton or 
more in a 2% enriched reactor yields a 
2 mills/kwh. Assum- 
ing optimistic fabrication costs and an 


fuel cost below 


initial conversion ratio of 1.0, fuel costs 
of less than 1 mill/kwh are obtained for 
an exposure of only 3,000 Mwd/ton. 
For fast 
tremely sensitive to the value used for 
Pu credit. With a Pu credit of 
$41.50/gm a fast breeder with a U?** 
core has an estimated fuel cost of —0.82 
mill/kwh; with a Pu?** core the figure 
is +1.30 mills For Pu at 
$12/gm these figures change to 4.68 and 
3.56 mills/kwh respectively. Esti- 
mates for the fuel costs of an alternative 
kind of breeder, the large-scale homo- 
geneous reactor, are 1.3—4.1 mills/kwh. 
The lower to the two- 
region type while the 
higher one is for the single-region U2** 
burner type. 


breeders fuel costs are ex- 


kwh. 


value refers 


homogenous 


Total Power Costs 

The trend toward higher costs noted 
for capital costs is, of course, also re- 
flected in total power costs. Table 1 











compares the present power-cost esti- 
mates with those made two years ago 
for the large-scale plants. Indications 
are that costs will lie in the range of 
10-14 mills/kwh for these plants. 

To get a feeling for the degree of 
uncertainty attached to future nuclear 
power costs, we can first set reasonable 
minimum and maximum values for the 
important influencing cost, 
such as fixed charge rates, load factor, 


factors 


burnup, fuel enrichment, conversion 
ratio and so on. Using these values 
we can calculate minimum and maxi- 
mum values of the power cost which 
might be expected to serve as an indica- 
tion of the uncertainty in our ability 
to estimate these costs. Our estimates 
of the minimum and maximum values 
for the various factors are summarized 
in Table 2. 

It is interesting that the 
power costs of the two extremes given 
in Table 2 are very close to 10 mills/ 
kwh. Thus one can say that the esti- 
mated cost of nuclear power according 
to the 1957 data is 10 + 6.5 mills/kwh. 
It is apparent that our ability to esti- 
mate nuclear power costs accurately is 
not great. To improve on this situ- 
ation, it will be necessary to obtain 
actual data from reactors now being 
built on the extent of radiation damage 
to fuel elements, the growth of pluto- 
nium in fuel and changes in reactivity 
with time. The operation of such 
plants will also provide valuable infor- 
mation on operability, reliability, per- 
formance and longevity. 


average 
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The Economic Situation 


In connection with this special report on nuclear power costs, 
NUCLEONICS wrot W. Kenneth Davis, Director, Division 
of Reactor Development of the U. S. Atomic Energy Commission, 
as follows (in part 
“* , . . there is very great concern throughout the nuclear indus- 
try about what has been happening in the reactor cost picture. 
Little real data is ava..able to give people the answers they’ re look- 
ing for 

“(We'd like to ask you) some questions that have arisen in our 
minds during the preparation of this report. Although some of 


y 


these questions may be difficult to answe t was our thought that 
it would be very worthwhile if we could publish your answers along 
with our report so that our readers might have some indication of 
what AEC thinking is on these perplexing issues d 

NUCLEONICS’ quest plus Mr. Davis’ answers are pre- 
sented below. Mr. Davis’ views about 
are perhaps best summa | by the following paragraph con- 


” 


the state of the industry 


tained in his letter of repl 


The development of wer t the United States has 
been accompanied by two 7 stence on detailed costs 
and economic analyses atsoever has existed for 
such estimates and ins full-scale reactors pre- 
maturely in the over-all develop» I can only hope 
that we are approaching a more ration od. At least we are 
learning more about costs and economics and are reaching a stage 
where the construction of full-scale prototypes of some types of 


reactors is indeed justified 


Q. Estimated capital costs have invariably gone up for 
power reactor projects as the projects mature. Do you feel 
these increases are peculiar to the problems of building 
prototypes or are there implications in this trend concern- 
ing the long range economic picture? in addition, do you 
see anything in the recent higher estimates that would 
cause you to modify your prediction in the September 
NU CLEONICS of competitive nuclear power in the U. S. by 
19677? 


In my opinion the causes of increases in capital cost estimates 
such as are cited include the following: 

® As the question states, these are prototype reactors and, 
as the projects have matured, development work has usually 
shown necessity for changes in design, such as for more 
elaborate safety precautions, additional control rods and cir- 
cuits, etc. Some of the « stimates W hich have been superseded 
were fairly good for what was envisaged at the time they were 
made. They were, however, made prematurely in terms of 
the final design of the reactor. 

® Over the period between the first and current estimates 
for most reactors there has been a general rise in costs of all 
construction amounting to about 6% a year. Some estimates 
now provide also for future escalation at this rate as well as for 
increased contingency factors. 

® Three kinds of costs are involved in these early reactors, 
namely, research and development costs, learning costs, and 
actual design and construction costs. Apparent inconsisten- 
cies have been introduced because some estimates which have 
been published include all three items, some only the last two, 
and some only the third. 

© And then, let’s face it, there has been some plain wishful 
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thinking and bad estimating. For example, we had before a 
strange situation where manufacturers claimed they could 
build small reactors for fewer dollars per kilowatt than they 
could build large ones. (As I will point out below this is no 
longer the case 
Sut it does not seem to me to be profitable to dwell overmuch 
on corrections in early cost estimates which, for one reason 
or another, have turned out to be wrong. 

We can see no basis for altering our predictions because of 
changes in estimates which we have known for a long time 


to be overly optimistic. 


Q. Are the present cost estimates now really good 
estimates? 


We have an indication that present cost estimates are ap- 
proaching realism. In my October 30 talk at the Atomic 
Industrial Forum conference in New York, I showed a chart 
(reproduced on p. 47) which correlates current cost estimates 
per kilowatt (omitting research and development costs in all 
cases) with size of reactor. 

This chart shows cost decreases with increasing size accord- 
ing to the usual way in the power industry. It indicates that 
current cost estimates bear at least a reasonable relationship to 
each other. It also, incidentally, casts doubt on the fu- 
ture usefulness of small reactors except under very special 


conditions. 


Q. What is likely to be the cost of later units which will 
succeed the first experimental plants? 


Relating to the likely costs for later units, we see several 
factors which can be expected to bring these down. The 
most important is likely to be the discovery that units now 
planned can produce substantially more power than their 
design ratings. This factor has explained almost entirely 
the ability of the UK to project 525 Mw(e) stations costing 
£110 per Mw(e) from Calder Hall units costing at least 
£235 per Mw(e 

In addition, various economies of scale can be anticipated 
from building of larger reactors or from the building of two- 
reactor stations, such as are being built in the UK and the 
USSR. As experience is gained, later generations of reactors 
will be simplified and cheapened, learning costs will be elimi- 
nated, and many ways to reduce costs will be found. We also 
anticipate that successful development of technology will lead 
to major decreases in fuel costs, the second large cost factor. 


Q. What is the significance of these cost estimates in 
terms of the future of nuclear power? 


telating to the future of nuclear power, and in answer to 
the question about our predictions in the September, 1957 
NUCLEONICS: These estimates referred to costs which might 
be achieved in very large nuclear power stations. They 
assumed success in achieving in future plants the types of cost 
reductions I have mentioned above. They were based also on 
the concept that plants would be initiated if it appeared that 
they would be economically competitive over their lives of 
20 or 25 years even though they might not be competitive 
when they started operation. 
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As Viewed by the AEC 


Q. As concluded at a recent American Nuclear Society 
symposium (see p. 50) in New York, a large uncertainty in 
the fuel cost for a slightly enriched reactor seems to be the 
value of Pu. (For a typical PWR design the difference be- 
tween $30/gm and $12/gm means 1.3 mills/kwh.) What 
assurance does the reactor investor have that he will not be 
put out of business by future changes in government fis- 
sionable material prices? 


I don’t believe that the value of Pu is the greatest uncer- 
tainty in fuel costs. We have regarded fuel fabrication costs 

now so high but with such potentiality for reduction—as 
the principal operating cost uncertainty at the present time. 

No one can tell what the price of plutonium may be over 
the 20- or 30-year life of a reactor being planned now. The 
present AEC guess is that it will be worth $12/gm as a fuel 
for reactors when this use becomes technically and economi- 
cally feasible, and the best assurance for any investor is to 
issume that the long term price will not exceed this value. 
Anyone who goes ahead with a reactor on the theory that he 
will get $30/gm for plutonium for weapons purposes for 20-30 
years of operation has his head buried in the sand or else knows 
more about the future than us mortals. 

If plutonium should be found to be more expensive to use 
as fuel than now hoped the price might not be as high as 
$12/gm. It might be lowered still further if the cost of U**, 
which influences the price of other fissionable materials, went 
down due to lower ore processing or production costs. In 
this case, however, operators of most reactors would benefit 
more from the lower U** cost than they would suffer from 


lower plutonium values. 


Q. A general fusi bout the history of atomic en- 
ergy so far might be that, compared with other industrial 
fields, American atomic industry has shown a marked 
genius for underestimating costs. Companies that are 
capable of very sophisticated cost estimates in allied fields 
have not displayed a similar talent in the nuclear field. 
Could you comment on what you think might be some of 
the basic reasons for this paradox? 





Several factors can be cited to account for the parade of 
highly capable companies displaying such a lack of talent in 
estimating nuclear plant costs. The compounding of these 
factors resulted in considerably revised costs. Among 
the factors responsible the following seem to be the most 
important: 

® Misunderstanding of costs and growth of nuclear indus- 
try. Studies had been made which indicated low cost power— 
of the order of 5 mills/kwh within the next two or three dec- 
ides. Taking those studies out of context and exerting undue 
optimism led many to believe this goal was just around the 
corner and distorted cost estimates. 

* In considering the long term potential many equipment 
manufacturers were willing to underwrite initial risks and 
losses and quote low prices. Many of them have had to 
recede from this position. 

® The necessity for costly—and difficult to estimate—job- 
shop production of pioneering prototype equipment. Both 
nuclear and nonnuclear equipment requires more rigid 
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specification than that to which the industry was accus- 
tomed and prepared to manufacture. Serious miscalculations 
were made about the costs of some of these equipment items. 

* Slow development of the coordination of highly com- 
perent cost estimators with inadequate nuclear knowledge 
with the newer grovp of competent but cost-wise inexperienced 
nuclear engineers and scientists. In my opinion this has 
probably been the most important reason for overly optimistic 
estimates. 

It should also be pointed out that there have been many 
reasonably good cost estimates—at least for what was actu- 
ally designed at the time. Not all estimates have been as 
bad as is implied. The combination of realistic cost estima- 
tion with better appreciation of the design requirements 
should result in much better cost estimates from now on. 


Q. One of the conclusions of our report (see p. 47) is that 
the best estimates today for future nuclear power costs 
show an uncertainty of about 507, (10 + 5 mills/kwh). In 
view of this large uncertainty, would you agree that no pri- 
vate investor can, as of this moment, afford to make heavy 
long range investments in the commercial power reactor 
field? 


I don’t quite agree with the estimated range your report 
gives for future nuclear power costs. I incline more to a 
range of 9ti,, mills/kwh (1957 dollars, U. 8. private 
financing) for a time which may be somewhere between 10 
and 15 years ahead. 

More important than whether your estimate or mine is 
correct is the fact that nuclear power will eventually become 
economic in the United States because of exhaustion of fossil 
fuels even though nuclear costs do not come down substan- 
tially. This, of course, is a very long time off. 

The American way of doing things, however, is not to sit 
back and wait for nuclear power to become economic in this 
way, but rather to make aggressive efforts to hasten the 
event, thereby bringing nearer the time when nuclear power 
can be a profitable field of endeavor. Unfortunately the 
number of companies which can afford to make the continuing 
investments necessary to advance the art for the required 
length of time is not large, probably far fewer than are now 
in the field. However, I believe that some companies will 
continue in this field and that they will ultimately be success- 
ful in it. 


Q. What implications does the domestic cost experience 
thus far have for the ability of U. S. industry to sell reactors 
abroad? 


The actual facts about United States reactor technology 
and costs should make reactors developed and produced here 
attractive to foreign purchasers. There is a strong probabil- 
ity, however, that the talk about increases in costs in the 
United States, even though much of it is inaccurate and quite 
inapplicable to the situation of foreign purchasers, has had 
a damaging psychological effect which I hope will be only 
temporary. 
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NUCLEONICS 


REPORT 


sizing Up Uncertainties 
In Nuclear Fuel Costs 


A study of fuel costs for a PWR-type reactor reveals 


a factor-of-three uncertainty brought about principally 


by spread in Pu credits and fabrication charges 








Who Did the Work 


A panel of eight people 
presented the cost facts to 
the New York Chapter ANS 
Symposium reported on 
here. The panel was com- 
posed entirely of local talent 
from nuclear-minded com- 
panies in the area. Their 
names, affiliations and spe- 
cialties read as follows: 

Donald Kallman (B&W 
program chairman; Leon 
Davidson (NDA) 
material costs; R. B. Holden 


fissionable 


fabrication 
Klotzbach 
reprocess- 


(Sylvania) 
costs; Robert J. 
(Union Carbide) 
ing costs; Clement A. Strei- 
fus (Ebasco)—shipping 
costs; Sidney M. Stoller 
(Vitro)—miscellaneous fuel 
costs; Felippe De la Cruz 
(Gibbs & Hill) 
efficiency; John E. Brennan 
(B&W)— irradiation level 


and summary. 


power plant 








OF THE VARIOUS FACTORS that stand in 
the way of economic nuclear power, 
nuclear fuel costs are, by all odds, the 
single most important obstacle. When 
it has been demonstrated that nuclear 
plants can run at fuel costs below the 
national average of about 3 mills/kwh 
for conventional fuels, then the electric 
power industry will think seriously of 
building power reactors, even though 
the investment cost per kw may still be 
unfavorable. 

At the same time, if the spread in 
published cost estimates can be re- 
garded as evidence, nuclear fuel costs 
appear to be the least understood of 
any of the cost factors. 

Recognizing both the importance 
and the present-day uncertainty of fuel 
costs; the New York Chapter of the 
American Nuclear Society recently de- 
voted one of its regular meetings to a 
program designed to help clear up the 
fuel cost picture. Local members (see 
box) participated in a fuel cost sympo- 
sium aimed at estimating the fuel cost 
spread for a conventional pressurized- 
water reactor. The group arrived at 
upper and lower limits (see table on 
facing page) for this figure which dif- 


fered by a factor of three. The price 
of Pu and the fabrication cost were 
responsible for most of the spread be- 
tween the upper and lower limits for 
fuel costs—the difference 
crediting Pu at $30/gm and $12/gm 
comes to 1.3 mills/kwh. 


between 


Reference Design 


The total fuel cost is a sum of a 
number of cost factors, the evaluation 
of each of which is by itself a man-size 
task. Thus fuel cost estimates have 
tended to take either of two forms: 
(a) the patch-work-quilt-type where 
several different people have worked 
on the several different factors, each 
doing a thorough job but each using 
different ground rules and assumptions 
or (b) the well-integrated but fre- 
quently shallow estimate performed by 
a single person or organization without 
the benefit of expert experience in the 
relevant fields. 

Here the job of estimating the total 
fuel cost for a single standard reference 
design was broken down into seven 
different aspects, each handled by a 
specialist. The kind of reactor chosen 
was a conventional pressurized-water 


January, 1958 - NUCLEONICS 





ay 





Fuel Cost Breakdown for Hypothetical PWR 








Upper limit 


Lower limit 





Heat cos? 
(¢/10° Btu) 


Total cost per core 


($10*) 


Heat cost 


Total cost per core 
(¢/10° Btu) 


($10%) 








Fissionable material 
. Fabrication 


. Shipping spent fuel 


1 
2 
3. Reprocessing 
4 
5. Miscelianeous processing 


Totals* 
6. Net plant efficiency 


2,550 16.6 

2,000 13.0 

460 3.0 

220 1.4 

1,250 8.1 

6,480 42.1 
25% 





967 6.3 
300 2.0 
285 1.9 
160 1.0 
408 2.7 
2,120 13.9 





28% 


7. Irradiation level: 7,500 Mwd/ton—see Table 3 for other burnups. 


* Not included in totals is constant inventory charge of $833,000 per core or 5.4¢/10* Btu. 





type operating at 500 Mw(th) and 
generating 500 psi steam. The core is 
loaded initially with 25,000 kg of 3%- 
enriched UO, in the form of pellets 
sealed in stainless steel-tubes. During 
operation, it is assumed 0.4 atoms of 
Pu were created for every atom of U?** 
destroyed by fission or capture. The 
core is removed when 220 kg of U2 
has been burned, thus reducing the 
enrichment to2%. An8s0% plant fac- 
tor was assumed in cost calculations. 
The problem was to caleulate upper 
and lower limits for each part of the 
fuel cost assuming the plant were to be 
put in operation in 1962. In making 
these calculations no credit was taken 
for possible future technical advances. 


Fissionable Material Costs 


In calculating the costs of the use 


and burnup of fissionable material it 
was further assumed that 0.18 U5 
atoms were destroyed by radiative cap- 


ture for every U*** atom fissioned and 
that each core loading is left in the 
reactor for its full life without any 
shuffling or partial reloading. 

After making allowances for 1% 
losses during the conversion of UF to 
UO» and the reprocessing of the spent 
fuel, the AEC’s official schedule of 
charges for enriched uranium gives the 
following figures for the net fissionable 
material cost per core loading: 
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Value of 22,220 kg U bor- 

rowed (3% U***) $8,333,000 
Credit for 21,480 kg U re- 

turned from reprocess- 

ing plant (2% U***) 4,726,000 
Loss in value due to loss in 

quality and quantity of 

uranium 3,607,000 
Maximum Pu credit @ 

$30/gm — 2,640,000 
Minimum net cost $ 967,000 
Minimum Pu credit @ 

$12/gm — 1,057,000 
Maximum net cost $2,550,000 


Since the AEC does not sell but merely 
leases enriched uranium to domestic 
users, a ‘‘use charge’’ must be added to 
the above expenses. 

The current figure for this use charge 
in the U. 8. is 4%, but this can vary 
here if interest rates change appreciably 
and will probably be different in other 
countries. 

The charge applies from the time the 
material first leaves the diffusion cas- 
cade until the used fuel is reprocessed 
and returned to government custody. 
The charge is presumably based on the 
full value of the amount originally 
drawn from the cascade as accounts 
will probably be settled after a core has 
been reprocessed. 


An estimate of the time during which 
“use charges” apply is: 


Time 
Item (months) 
Time for fuel preparation from 
UF s 3 
Time in spare fuel inventory at 
reactor site 6 
Time for cooling after cis- 
charge 4 
Time in transit, reprocessing, 
etc. 3 
16 
Residence time in reactor core 16 
Cumulative total 32 
32 


Use charge = 4% X — =~ 10% 


Since the initial uranium “ purchase” 
value is $8,333,000 then the cumulative 
use charge for one core loading over its 
whole history will be $833,000. 


Fabrication Costs 


The over-riding factor in fuel fabrica- 
tion cost is the extent to which close 
tolerances are specified in the fuel ele- 
ment design. To present a fair picture, 
the fabrication-cost estimates were 
based on the following set of design 
specifications considered to be reason- 
able both from the manufactuer’s and 
reactor designer’s point of view: 
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UO, pellet: 
Diameter 0.346 + 0.002 in. 

as fired 

0.346 + 0.005 in. 

95% of theoretical 


density or 10.4gm 


Length 
Density 


em? 
Weight 5.55 gm/pellet 
. . 25 X 10° gm/core 
Number required ——— 
0.00 gm, pellet 
ellets 
= 4.5 x 108 
core 
Fuel rod: 
Diameter 
Active length 
Pellets per re vd 
Rods per bundle 64 
Bundles per core 338 


0.400 in. 
6 ft (~) 
208 


The following operations would be 
performed in manufacturing elements 
for the hypothetical reactor: 


Preparation of UO.-granulation 
Pellet pressing, firing, inspection 
Loading of pellets into stainless tubes 
Welding end plugs into loaded tube 
Leak testing of fuel rods 

Bundle assembly 

Final inspection 


For a first core, the operations above 
may require about 15% additional 
nuclear material because of rejects and 
off-specification pellets, rods or bun- 
dles. For later cores this requirement 
might be reduced to about 5%. 

The total cost of manufacturing a 
core for the first time to the speci- 
fications above would cost between 
$675,000 and $1,300,000. To produce 
this core according to the more strin- 
gent specifications frequently set would 
cost perhaps $2,000,000. * 

As fuel-element fabrication becomes 
a volume business, a plant producing 
ten cores per year could conceivably 
turn out cores to the assumed speci- 
fications for $300,000 per core. 


Reprocessing Cost 

Data on reprocessing costs available 
so far is entirely speculative, referring 
to hypothetical processes in hypothet- 


ical plants. Perhaps the firmest of 
these is the ‘‘ Multipurpose Chemical 
Processing Plant”’ the 
AEC in March, 1957 (NU May ’57, 
p. 17). The plant consists of a tailend 


prop sed by 


* It should be noted that to date no one 
has fabricated elements of the type under 
discussion for a cost as low as the upper 
limit of $2 million. 


Purex rated at 1 ton/day 


natural- or slightly-enriched U 


system 
and 
headend systems (e.g., Darex) designed 
to handle a variety of fuels. The AEC 
estimates a building cost of $20,570,000 
and an annual operating cost, including 
waste disposal, amortization and allow- 
ance for AEC overhead and other in- 
tangible expenses, of $4,592,000. On 
this basis the daily charge to a private 
customer using the plant would be 
$15,300. The 
cludes that required to process the core 


time charged for in- 


in the solvent extraction tailend, plus 
the time required for startup, shutdown 
and cleanup of the processing system. 

The reference-design core would take 
22 days to reprocess and an additional 
8 days for plant startup, shutdown and 
cleanup in the hypothetical AEC plant. 
This amounts to a processing charge of 
$460,000 

Although this is a charge at which 
the AEC is willing to negotiate a firm 
contract, the hypothetical plant upon 
which the charges are based is a highly 
The plant 
built on a 


subsidized operation. 
would, for instance, be 
government site and have the advan- 
tage of many government services and 
facilities. To arrive at a realistic re- 
processing charge one must consider a 
privately owned and operated plant. 
If one considers the cost to a com- 
pany of the extra services provided the 
government plant and adds in a reason- 
able contingency factor, the capital in- 
vestment required may be $28,000,000 
rather than $20,570,000. 
the annual operating cost would go up 
to $5,300,000 exclusive of normal profit 
Allowing a 


Similarly 


and income tax charges. 
return on the 
gives a processing charge for the refer- 


minimum investment 


ence core in a 1-ton/day privately- 
financed multipurpose plant of $36,600 





TABLE 2—Charges for Auxiliary 
Processes 


Maximum Minimum 


Rate ~~ Charge 
($ kg) ($/core 


Rate Charge 
Process (8/kg) (8/core) 


UF, to 
UO, 30 
UNH to 
UF, 
PuNH to 
metal 2,400 
Subtotal 


750,000 10 250,000 


280,000 3 66,000 


220,000 


1,250,000 


1,000 92,000 


408,000 





per day or a tota! charge of $1,100,000. 
This assumes the piant has enough 
business to operate at fil capacity. 
However, there is not enough fuel avail- 
able, even including the AEC’s base 
load quantities to operate the plant at 
100% capacity at the 
Estimates of the current market show 


present time. 
that less than 50% o1 the plant’s capac- 
ity might be used initially which would 
give a processing charge of over 
$2,500,000 per core. 

On the other hand, if, eventually, 
larger plants processing 10 ton/day are 
If the 


plant was government owned and op- 


built, the costs would be lower. 


erated, the core could be reprocessed 
for $285,000. 
to operate this larger reprocessing plant 
at 100% load factor with allowances for 
profit, the cost might be $365,000 per 


reference core. 


If private industry was 


Shipping Costs 


Although shipping of spent fuel is 
not a major item of expense, an attempt 
was made to evaluate the size of this 
cost and determine the most econom- 
ical method. The problems in general 
are economic, physical and regulatory. 

Taking into account such things as 
truck and railroad capacities and rates, 
terminal AEC 


and insurance regulations, personnel 


handling equipment, 
shielding requirements, and enroute 
cooling needs, one arrives at a rough 
figure for the ratio of the cask weight 
to spent fuel weight required to do the 
job. Conservative estimates show that 
transporting the fuel obtained from the 
design reactor to the reprocessing plant 
would require a cask that weighs 40 lb 
per lb of uranium shipped. If the dis- 
tance between the power plant and the 
reprocessing installation is taken to be 
2,000 miles, the freight bill for the 
whole core would be about $220,000. 
It is likely that shipping fuel in larger 
containers will reduce the weight ratio 
to 30 lb or even 20 lb per lb of uranium. 
The total freight would then fall in 
proportion. 


Other Fuel Costs 


Up to this point there are a number 
of gaps in the fuel-expense picture. 
The more important of these expenses 
are considered in detail here; there are, 
however, a number of other very small 
additional expenses which add up to a 
total miscellaneous expense of perhaps 
$100,000 per core. 

The major “ 
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other fuel expense’’ is 





Why Leave Out 
Inventory Charges? 

In reporting their results the 
panel excluded in-pile (but not 
out-of-pile) inventory charges 

frel 


soned that the in-pile cost is in- 


from the cost. They rea- 


dependent of plant use and is 
therefore a fixed rather than an 
The analo- 


gous practice is followed in con- 


operating expense. 
ventional-power-plant book keep- 
ing where central coal inventory 
expenses are charged against fixed 
comparing nu- 
clear fuel costs with conventional 


costs. Thus in 
fuel costs the in-pile inventory 
charge is properly excluded. 


the charge for converting UF, to UOs. 
Quotations are available for the per- 
this service and these 
about $30/kg for 3%-enriched 
uranium. 
thus 


formance of 
average 
As UO, requirements and 
throughput increase this 
cost will decrease. We have estimated 
that a hypothetical plant would be 
apable of converting 3%-enriched 
UF, to UO: at about $20/kg.* 

After spent fuel is reprocessed it will 
be in the nitrate form. If it is desired 
the spent 2%-enriched 
nitrate (instead of blending in 
some new highly enriched uranium or 


plant 


to re-enrich 


uranyl 


plutonium) the cost of converting to 
the hexafluoride form would cost $12/ 
kg in a small plant. In Euratom re- 
port a footnote indicates a cost of about 
$3/kg may be assumed for large-scale 
operation. 

One other charge to be considered is 
the expense of converting plutonyl ni- 
trate to the metal button form speci- 
fied by the AEC as an acceptable form. 
Due to the very low volume of plant 
throughput anticipated in the near 
future for this conversion process, 
estimates indicate that costs could run 
The U. 8. AEC 
recommends an allowance of $1.50/gm 
for this cost. Large volume plants in 
the future could conceivably perform 
this processing for $1.00 or perhaps 
This very expensive 
conversion to Pu may 
never be practiced commercially if it 
proves to be cheaper to blend the re- 
covered material (after a simpler con- 


as high as $2.40/gm. 


even $0.50/gm. 


low-volume 


* Information that presents costs lower 
than $20/kg of UO: can be found in TID- 
7158. It is estimated from this source that 
3%-enriched uranium can be converted for 
$10/keg. 
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version to oxide) with slightly enriched 
uranium for subsequent core loadings. 

Table 2 summarizes the maximum 
and minimum rates presented for the 
along with the 
charges applicable to the reference core. 


services discussed 


Plant Efficiency 

Net plant efficiency enters into fuel 
cost since it determines the amount of 
fuel that must be burned to produce a 
unit of For the 
steam conditions specified, the net 
efficiency is largely a function of the 
feedwater heater arrangement. Thus, 
if the condensate leaving the condenser 
is pumped directly to the steam gener- 
ator with no intervening heat exchange 
equipment, the water must be heated 
from say 90° F up to H.P. saturation 
temperature before evaporation can 
take place. For the 500-psia cycle 
under discussion, thermal efficiency is 


electrical energy. 


about 25%. 

By adding three feedwater heaters to 
the cycle, and extracting steam from 
three points along the turbine steam 
path, the condensate can be heated to 
say 330° F on the way back to the 
Thermal efficiency 
Note that 
this represents an increase of 12% in 
thermal efficiency with a decrease in 
fuel cost proportional to this 12% in- 
crease. For any given steam condi- 
tions an optimum number of feedwater 
heaters can be determined. The num- 
ber of heaters thus varies from say 
three in the 500-lb cycle under con- 
sideration to 7 or 8 heaters in the 
2,500-lb cycle used in modern plants. 


steam generator. 
is increased to about 28%. 


Cost Summary 


The maximum and minimum values 
for the various cost factors discussed so 
far are tabulated in Table 1 in terms of 
total cost per core and in cents per 


Btu. The fissionable material cost, 
since it is based on official AEC price 
schedules is quite accurately deter- 
mined. The high and low values 
are derived by assuming a Pu-buy- 
back price of $12/gm and $30/gm 
respectively. 

The table shows fabrication cost to be 
the least certain factor, having a spread 
of 7 to 1. Some fabricators would 
question even these limits. Reprocess- 
ing and shipping are more accurately 
known and should stay within the 
fairly narrow range indicated. ‘Other 
fuel expenses,’’ like fabrication, has a 
fairly wide expense range. 





TABLE 3—Fuel Cost as a Function of 
Burnup 





Irradiation 
level 
(Mwd/ton) 


Lower 
limit* 
(mills /kwh) 


Upper 
limit* 
(mills /kwh) 


5,000 

7,500t 
10,000 
15,000 
20,000 
25,000 


woh © 


o 


* Does not include in-pile fuel inventory 
charge. 
+t Reference design point. 





The total cost in mills/kwh can be 
had by multiplying subtotals in the 
table on p. 51 by the heat rate in each 
column. This gives a maximum value 
of 6.2 mills/kwh and a minimum of 
2.0 mills/kwh. Not included in either 
of these figures is a 0.35-mill/kwh in- 
pile inventory charge (see box). The 
burnup parameters assumed in de- 
riving these figures imply a fuel irradia- 
tion exposure of 7,500 Mwd/ton. The 
fuel cost was calculated for other ir- 
radiation levels by assuming that, 
except for fissionable material cost, the 
cost factors are inversely proportionally 
to burnup. The results are shown in 
Table 3. The in-pile inventory charge, 
which is not included in the table, in- 
creases with higher burnup since more 
highly enriched fuel is used. The out- 
of-pile inventory charge, which is in- 
cluded in the fuel cost, decreases with 
burnup. For the burnup range 5,000 
to 25,000 Mwd/ton, the former goes 
from 0.30 to 0.70 mills/kwh and the 
latter from 0.40 to 0.20 mills/kwh. 

At all levels one sees that the un- 
certainty in fuel cost is roughly a factor 
of three. The national average fuel 
cost of 2.7 mills/kwh for coal-fired 
plants is at least bracketed by the two 
columns for each of the burnups con- 
sidered. It is interesting to note that 
the difference in Pu credit causes a 
constant difference of 1.3 mills/kwh 
between the high and low values. 
Thus if one were optimistic about 
everything except the price of Pu (see 
p. 48), which is equivalent to adding 
1.3 mills/kwh to the low value column, 
then the fuel cost would not be com- 
petitive until burnups of 15,000 Mwd/ 
ton were achieved. 
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NUCLEONICS 


REPORT 


Pricing 


Enriched Uranium 


An analysis of separation-plant economics yields the published U price scale, 
explains how to calculate equivalent amounts of U at different enrichment 


and leads to a simple method for estimating reactor fuel burnup cost 


By HAL L. HOLLISTER* and ARTHA JEAN BURINGTON 


Office of Operations Analysis and Planning, U.S 


Epitor’s Notre: The price of uranium 
is, at the moment, one of the most impor- 
tant factors entering into nuclear fuel 
costs. As experience acts to lower the 
costs of fabrication and reprocessing and 
increased burnups become possible, the 
cost of the fissionable material itse lf will 
become, relatively speaking, even more 
Conceivably the 


important. time 


come when nucle ar f iel costs can be calcu- 


may 


lated by making reference only to pub- 
lished price scales. These facts natu- 
rally lead to curiosity about the factors 
influencing the price 
scale. The following article should do 


much to satisfy this curiosity. 


r " . 
oficial uranium 


A PRICE SCALE for the sale or lease 
of enriched uranium was announced 
by the AEC in November, 1956. W« 
would like to show price 
scale that agrees with the published 
scale can be derived from elementary 


here how a 


isotope-separation 
economics addition to 
providing insight into the basis of the 
price scale, these considerations help in 


considerations of 
(Fig. 1). In 


understanding what amounts of ura- 
nium at different 
“equivalent” and yield a simple scheme 
for estimating the cost of U2*® burnup 
in a reactor. 


enrichments are 


Division of 


AEC, Wash- 


* PRESENT AppReEss: Staff, 
Biology and Medicine, U. S 
ington, D. C. 
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Atomic Energy Commission, 


Ideal Cascade Theory 


There is a considerable body of un- 
classified technical literature on isotope 
separation, particularly on ideal cas- 
cades of isotope-separation stages (1-3), 
We will review here some of the con- 
cepts of ideal cascade theory that will 
be important to our later discussion. 
An ideal cascade is defined as a stage- 
wise arrangement for isotope separation 
in which for each stage the downflow 
from the stage above and the upflow 
from the stage below have the same 
isotopic enrichment. 

Figure | shows a simplified schematic 
flow diagram for a separation-plant cas- 
F denotes the input weight flow 
U*55 concentra- 


cade, 
of feed material with 
tiont zr; P is the flow of the enriched 
product from the top of the cascade at 
assay zp and W is the flow of depleted 
waste material from the bottom of the 
cascade at assay zw. Assuming steady 
state we can write two material bal- 
ances for total U and for U5 


F=P+W (1) 
Fry = Prep + Waw (2) 


In general the operation of a cascade 
requires energy input in the form of 
pumping power to provide the inter- 

t “‘Enrichment,”’ used 
with ‘“‘concentration’’ and 
fined here as the weight fraction of U2*5 
tained in a mixture of U*** and U2", 


interchangeably 
“assay,”” is de- 


con- 


Washington, D. C. 


flow. The total flow and the 
stage separation factor define a quan- 


stage 


tity called the separative work rate. 
For an ideal cascade the separative 
work rate A is related to the material 
flow rates by 

A = PV; + 
where A is expressed in units of flow and 
V;, the separation potential for stream 
— 1) In (z,/1 — z,). 


WVw-—FVr (3) 


t, is Vy = (22 

Equations 1-3 can be generalized to 
apply to an ideal cascade having any 
number of feed and product streams. 
In general the separative work per- 
formed by the cascade is the difference 
between the separative work content 
(i.e., stream flow times separation po- 
tential) of the product streams and the 
feed streams. 

The major costs that are involved 
in producing material at some enrich- 
ment zp are (a) the cost of the feed 
material and (b) the cost of the separa- 
tive and 
operating costs can both be included 
as part of the latter). If Cy is the cost 
per unit of feed material and C’, is the 
cost per unit of separative work then, 


work (plant-amortization 


assuming the waste material in stream 

W has no economic value, the cost of 
a unit of enriched material Cp is 

CpP = CrF + CA (4) 

By substituting Eqs. 1, 2 and 3 in 

Eq. 4 it is possible to derive an expres- 
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Cost($/gm U) 


i | 





ed schedule) 





A 


(Announced 
schedule) 


j : i I 





10 20 30 


Enrichment (% 


FIG. 1. 


ory. 


50 60 70 80 
U 235) 


Uranium price curves calculated using ideal cascade the- 
Curve A, which agrees with official AEC scale, assumes 
Cr = $39.27/kg and Ca = $37.29/kg. 


For Curve B, Ca was 


changed to $50/kg; for Curve C, Cr was changed to $50/kg 


or the product cost that is inde- 
lent of P, F and A and is a function 
only of the cost of feed material and 
separative work and the enrichments 


three streams 


Returning to Eqs. 1 and 2, we note 
that there are three assays and three 
variables. The 
ed assay and flow and the product 
If then a 
alue for the waste assay is chosen, the 


stream flows or six 


ussay are ordinarily given. 


product and waste flows are determined 
by Eqs. 1 and 2. _ It is desirable to set 
the waste-stream assay at a value that 
will make the unit cost of the wanted 


product a minimum. By taking the 


t ae ; - . : 
derivative —~ of Eq. 5 and setting it 


art w 
equal to zero, we find that for minimum 
the stream 
assay tw must be equal to the value 


product unit cost, waste 


given implicitly by 
Cr 


Ca 


=Vr-—Vy 


ie > tw)Vw’ (6) 


aV (: 
Vy’ = ( 2) 
dz 


It is worth noting that the waste 


where 





Diffusion-Plant Economics 


Virtually all enriched uranium in the United States is produced by 
the gaseous diffusion process. 


Excellent discussions of the basic prin- 


ciples of uranium isotope separation by this process are available in 


standard texts (I-—3). 


The process operates on the principle that, under 


the same driving pressure, a gas of lower molecular weight will diffuse 
more quickly through a porous barrier than will a gas of higher molecu- 


lar weight. 
of the molecular weight. 


Specifically the diffusion goes inversely as the square root 
Thus if about half of a certain amount of 


uranium hexa-fluoride is allowed to diffuse through a porous barrier, 
compared with the gas that is left behind, the gas which passes the 
barrier will be richer in U*** by the factor 


238 +6 x19\" _ 
235+6x19/ 


7} 
— = 1.0043 
348 


Since the enrichment thus provided by a single diffusion stage is quite 


small, it is necessary to make use of the order of thousands of stages 
in a cascade arrangement to provide final enrichments as high as 90%. 
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The Editors. 


Ww 
Xw 


FIG. 2. Isotope separation plant 
flow diagrams: (top) single prod- 
uct plant and (bottom) plant with 
sidestream product 


assay for minimum product cost (a) is 
independent of product assay and (b) 
depends only on the assay of feed and 
the ratio of the feed and separative 
work costs. 

The minimum product cost itself is 
found by substituting Eq. 6 into Eq. 5 
(making the substitution for Cr be- 
cause of the 
tw explicitly) 


awkwardness of getting 


tw)Vw') 


(7) 


Cp = CalVe — Vw — (ap - 


Equation 6 is known as the zero-cost 
tails equation. Equation 7 is called 
the theoretical-price (cost would be 
more accurate) equation since it gives 
the optimum cost of producing a prod- 
uct of specified enrichment. 

Figure 1 shows three price scales, 
illustrating the effect of assuming dif- 
ferent values of Cr and C4, and includ- 
ing one which agrees with the recently 
announced scale for and 
foreign use. The announced schedule 
was matched by using the costs, Cr = 
$39.27 per kg of uranium and C,4 = 
$37.29 per kg of separative work, which 
imply according to Eq. 6 a zero-cost 


domestic 


assay of approximately 0.221%. 

Some sample calculations for the 
theoretical cost schedule which match 
the AEC announced prices for uranium 
in the form of UF, are shown in the 


table.* (Continued on next page) 


*If linear interpolation is used to find 
the cost of assays intermediate between the 
officially published price assays, such inter- 
polation should, as can readily be verified, 
be on a $/gm of U basis, not $/gm of U***, 





Sidestream Economics 


We have derived the published price 
scale by calculating the cost of a given 
enrichment of U under the assumption 
that it is the sole useful product from a 
separation plant of the type in Fig. 2a 
This can be thought of as a simplified 
model of the AEC’s diffusion 
However, when enriched uranium of 


plant. 


some assay less than the produc t assay 
is needed for an authorized user. the 
AEC can draw off a sidestream of th 
desired enrichment 

It is not obvious that th 
material produced in tl} 
the same as that 
methods above. We 
this is the case provided the sidestream 
is small compared with the main prod- 
uct stream. 

We can think of 
feed and three rather than two product 
The third 


d assay Zs 18 


is way will 
calculated by 


will show that 


a plant with one 


streams, asshown in Fig. 2b 
stream of flow rate S an 
small compared with either P or W. 
In this situation, stream P is called the 
“‘top”’-product stream 

To find the value of the material in S 
we would like to know how much flow 
in sidestream S corresponds to a given 
decrease in flow for top-produc t stream 
P. The value 
then just equal to the 
material lost in stream P. 


f the material in S is 
value of the 


The rigorously correct way of an- 
swering this is to write material bal- 


ances around the plants of Figs. 2a and 


b and determine the values of Pxp with 
and without the presence of the side- 
stream, values of F and A being as- 
The differ- 


ence between the two values of Pa 


sumed to be unchanged. 


thus computed represents the lost top 
product resulting from the sidestream 
withdrawal and can be called the 
“equivalent top product” of the side- 
stream. This approach not only in- 
volves tedious calculations but requires 
an exact knowledge of the actual op- 
erating conditions of a particular iso- 
tope separation plant. 

If, as is generally the case, we assume 
the sidestream is quite small compared 
with the other streams, we can apply a 
differential analysis that gives good 
results and is easy to calculate. 

The differential-analysis method re- 
quires an assumption that operating 
conditions of the plant are approxi- 
mated by the conditions leading to the 
theoretical price schedule but does not 
a knowledge of these 
write the 
work rate and material balances for the 


involve condi- 


tions. Let us separative 
plant of Fig. 2b, an ideal cascade with 
both a sidestream and a top-product 


stream 


"=P+W+4+S (la) 
= Prp + Wrw + Szs (2a) 
= PVp+ WVwt+ SVs —FVr 

(3a) 





Sample Calculations for Fuel Price Curves 


Ratio of 
product 
cost to 


Concen- separative 


tration 
of product Separation cost 
Xp potential Cp 


work 


(% U5) V, Ca 


).08553 0 
5.47331 21782 
5.04866 72060 
. 86813 05712 
74316 34252 
50322 03001 
3.73615 90006 
2.65000 


72527 
01865 
.83178 


0 224 . 74567 8,379 .87 


1.75778 98825  15,: 


Theo etical 
price scale 


§/kq 


16385 3,22¢ 


tange of burnout costs Equivalent 
—— _ lop 
product 


lower upper 


bound bound conversion 
; ‘ 
Cy dC, 


Xp dx, ce / Tas 
($/gm U*45) ($/gm U5) x, 90 % 


ratio 


06 

69 .57 3.26 443 
99 .644 
19 { >. 36 .818 
42 5.2! 8 896 
89 : : .944 
982 
000 





Consider the assay and flow of the feed 
stream and the separative work rate of 
the plant at steady state to be fixed. 
Let the assays, but not the flows, of the 
sidestream and top product stream also 
If neither the flow nor the 
assay of the waste stream is fixed, then 


be fixed. 


the system of Eqs. la, 2a and 3a can be 


represented functionally as 


} 
Wotented— 


for this system by differ- 
S 


0; 
entiating each of the three equations 
above with respect to S and solving for 
oP : 

— getting 
as 
oP 


as 


The negative sign indicates that with- 
drawal of sidestream results in loss of 
top product 

Now, 


small, we can use the derivative just 


provided the sidestream is 
determined to approximate the ratio 
of top-product loss to sidestream flow. 
That is 

6P oP 


S Os 


Furthermore, comparison with Eq. 7 
shows that. the right-hand side of Eq. 8 
is just equal to the ratio Cs/Cp where 
these are the product costs as calcu- 
lated 
Thus 


using the scheme of Fig. 2a. 


6P 
S 


6PC; 


That is, the total cost of the mate- 
rial in the sidestream is approximately 
equal to the total cost of the material 
sacrificed from the top product stream 
of the cascade. Thus we have shown 
that, within the approximations indi- 
cated, it is justified to use the simple 
analysis based on Fig. 2a to calculate 
the value of U at any given enrichment. 

In practice then the theoretical price 
scale in Fig. 1 can be used to compute 
the amount of side-stream U equivalent 
to a certain amount of the top product. 
For example, from the price scale one 
sees that 1 kg of U*® at 90% 
costs the same as 2.26 kg of U*** at 1% 
Thus, 1,000 kg of U5 at 99% 
is equivalent to 226,000 kg of U at 1% 
enrichment. 


assay 


assay. 


The same analysis applies to a case 
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in which the sidestream is fed to the 
diffusion plant rather than withdrawn 
from it 


This would be the case when 
in authorized user of enriched uranium 
some to the AEC; for ex- 
imple, a reactor operator might return 


returned 


m recovered from his spent fuel 
Then the effect on the top- 
ict stream would be positive, that 


elements. 


the additional feed would result in 
In such a 
ase the effect on top product, or equiv- 


rease in top product. 


ilent top product, may be also referred 


to as the incremental productivity of 

the feed sidestream, and can be ap- 

proximated by a marginal productivity 
sis following the same argument 
ven above. 

If additional feed for the diffusion 
plant is readily available, it may be 
possible to withdraw a sidestream from 
the diffusion plant keeping constant the 
tails concentration instead of the feed 
as assumed heretofore. In this case it 
is possible to derive a useful expression 
for equivalent top product valid for any 


size sidestream (provided, of course, 
there is sufficient separative work to 
produce the sidestream). 

In 
quantity 


calculations the 
Csap/Crxzs is always re- 
quired. For convenience this quan- 
tity has been plotted as a function of 
rs in Fig. 3. 


making these 


Burnup Cost 
The price table can also be used to 
culate the cost of the U*** burned 
out during a fuel cycle. This can be 
found directly by taking the difference 
between the total cost of the uranium 
fed to the reactor per cycle and the cost 
of the uranium discharged from the re- 
The cost per gram of 
[ burned out (exclusive of reproc- 
essing changes) is 


Cal 


actor per cycle. 


AC _ Cym,; — Cam, 
Az MX, — More 
where: z is the assay of the material 


m is the weight of uranium (not 
just U2) 
C is the price of the uranium at 
the specified assay 
subscript 1 refers to material fed 
to the reactor 
subscript 2 refers to material 
discharged from the reactor. 
It is worth noting two convenient 
upper and lower bounds for what the 
burnout cost can be. 


be 
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It can shown that when the 


5X 


FIG. 3. Equivalent-top- 
product conversion ratio as 
a function of fuel enrich- 
ment (top product assay 


Top Product Conversion Ratio 


= 90%) 
o 
a 15 
pe 
! 
E 3 
Lil 
> 
-_— 
A 
o 
Se 4 
3.5 
° 
— ie 
=] 
Q | 
FIG. 4. Upper and lower 


bounds for fuel-burnout 
costs as a function of ini- 
tial enrichment of U 


amount of uranium burned out is very 
small, an upper bound for the above 
expression is dC /dz. 

This derivative can be found by 
differentiating Eq. 7, and getting 


dC : 
= ( 


— alV'(x) — V‘(zw)] 
dx 
A lower bound occurs when all of the 
U2%5 is burned out, i.e. when z2-— 0 
and C,;—>0 (assuming a theoretical 
price scale of the sort developed earlier 
where C approaches zero as x ap- 
proaches zero). The limit of the above 
expression then is C;/2,. 

(It can be noted that, since C(z) is 
convex, and since C(x) = 0 for some 
z > 0 we have 


dC 


dz 


AC ty 
— > 
Az Zs 


y Y 


dC C 
Thus — and — form upper and lower 
dx x 


bounds respectively for the cost of U2*5 
burned out in a reactor.) 

Many practical cases of burnout cost, 
including all cases where the fuel is 
slightly enriched and the fractional 
burnout of U** is less than about 20%, 
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will fall sufficiently near the upper 
dC 

bound so that ys serves as a good ap- 
x 


proximation.* (See Fig. 4.) 


* 7 * 


This report is based upon material that 
was developed over a period of years from the 
theory of ideal cascades for isotope separation 
primarily by members of the Office of Opera- 
tions Analysis and Planning, U. S. Atomic 
Energy Commission; M. Benedict, A. J. 
Burington, A. V. Butterworth, L. Davidson, 
D. P. Herron, H. L. Hollister and F. B. 
Quackenboss. Additional contributions were 
made by G. Garrett, Carbide and Carbon 
Chemicals Company. 

The dissemination of this information is noi 
intended to imply that these methods are neces- 
sarily those which will be used by the Atomic 
Energy Commission. 
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the cost of U*** burned out in many prac- 
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ASTR (in cutaway view) 


has following characteristics: 


Power output (heat 
Thermal neutron flux 


avg 
max 
Fuel element 
type 
composition 
cladding 
Fuel loading 


Core configuration 

Control rods 
number 
composition 


worth 
Coolant /moderato1 


type 
flow 


1,000 kw 


6.3 X 10'% 
1.2 X 10% 


plate 

U-Al 

Al 

4800 gm highly 
enriched [ 

right cylinder 


cadmium-lined 
steel 

$2.00 each shim, 
safety; $0.25 


regulating 


light water 
500 gpm 


Aircraft Shield Test Reactor 


Although not a propulsion reactor, ASTR has advanced 


nuclear-propelled flight. 


Designed to provide aircraft shielding 


data, it has helped solve other problems—particularly reactor handling 


By J. C. NANCE and L. W. PERRY 


Convair Division, General 


A NUCLEAR REACTOR went critical 
while airborne for the first time ever 
on September 5, 1955. This milestone 
marked the culmination of three years 
of reactor engineering and development 
by the Convair-Fort Worth Division 
of General Dynamics working as part of 
the U. S. Air Force’s Aircraft Nuclear 
Propulsion effort. 

In the fall of 1952 a decision was 
made to build an airborne test reactor 
to serve as a radiation source for 
supplying shielding information not 


Dunamics 


Corp., Fort Worth, Texas 


The 
following general specifications were es- 
tablished for the Aircraft Shield Test 
Reactor (ASTR): 
@ 1,000 kw of thermal power 
@ Size and weight restricted to en- 
able high-altitude flight in a B-36 
e Changes in shield configuration to 


obtainable at ground facilities. 


be performed remotely while in 
flight 

© Reliable performance of all 
tems under extreme environmental 
conditions of temperature, humid- 


sys- 


ity, pressure, vibration and shock 


e Reactor systems to be capable of 


completely remote assembly, dis- 


assembly, 


maintenance, 


ground 


transport and loading. 


Design Problems 


By March, 


1953, the preliminary 


design of the ASTR was completed and 
efforts turned toward detail design and 


devel ypment. 
mental 
effort. 


Several major develop- 
problems required extensive 
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Control rod and drive mechanism, 
\ light-weight, horizontally mounted 
control rod and control-rod drive mech- 
anism were required to operate under- 
vater through a pressure-vessel seal. 
This system had to operate satisfac- 
torily under vibration and shock, yet 
be positive acting for scramming. 
instrumentation. A 
detecting, amplifying, 
ntrolling and recording system had 


Reactor com- 


plete nuclear 
be developed of miniature, light- 
rht and rugged construction that 

| perform adequately under condi- 
ns of extreme vibration, shock, tem- 
The entire 
m had to be coupled and de- 


rature and pressure. 
d to the reactor remotely. 
Cooling system. A 1,000-kw water- 
exchanger of light 
The system had 


-air heat 


nt was needed. 


very 


compatible with available aircraft 
Further, it 
remotely 


il power sources. 


to be and 


ipled and decoupled with minimum 


positively 


ige of coolant or shielding solution. 
Remote-handling equipment. The 
ntire system had to be capable of re- 
ote handling for disassembly, mainte- 
assembly, movement to outdoor 
cations and to the aircraft load- 

pit as well as for loading into the 
raft for flights. Systems had to be 
loped to enable remote attachment 
hydraulic, electrical and mechan- 
ipport structures to the aircraft. 
1953, the design was 
In September 


October, 
tially completed. 
the assembly of fully tested re- 

or hardware began. Preoperational 
proof testing accompanied each 
By mid-November assembly 
ymplete and criticality was first 


ed on November 27, 1954. 


Summary Description 
The ASTR 
irray of 34 highly-enriched-uranium 


core consists of an 


ate-type fuel elements horizontally 
mounted between two grid plates. 
The fuel elements are similar to the 
familiar MTR type; however, consider- 
able modifications were necessary to 
ible horizontal mounting, to insure 
stance to vibration and shock, and 
provide for operation at any atti- 
de Demineralized water, flowing at 
500 gpm in a two-pass system, serves as 
moderator, reflector and coolant. Fig- 
ure 1 shows the fuel-element arrange- 
ment and other salient features of the 
ASTR. 
Reactivity control is achieved by 
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three cadmium-lined, 
stainless-steel rods that enter the core 
horizontally through the aft face. 
Each rod is withdrawn from the core 
through a gear 


spring-loaded, 


by a drive motor 
system. 

The two centrally located rods pro- 
vide safety and shim control while a 
peripheral rod is used for regulation. 
The rods are physically identical, but 
the control rods differ in effectiveness 
because of their differing location in the 
core. Fig. 2 shows a rod, mechanism 
and actuator motor. 

The shielding arrangement, shown in 


level of 1,000 kw. When the reactor 
is operating on the ground, a 500-gpm 
circulating-water cooling system, in- 
cluding a water-to-water heat ex- 
changer, is used. The reactor coolant 
temperature can be maintained by an 
automatic servo system at any desired 
temperature from ambient to 200° F. 
For airborne reactor operations, a“ 
water-to-air cooling system is provided 
in the airplane that allows sustained 
operation at maximum reactor power. 


Ground and Flight Testing 


The three months following initial 


FIG. 2. Control-rod drive mechanism (background) is horizontally mounted on aft end 


of ASTR. 


Electric motor drives lead screw and nut to impart motion to electromagnet 


to move cadmium-lined control rod (foreground) 


Fig. 1, allows wide flexibility for the 
airborne shield-test program. Any of 
tanks be drained or 
on the ground or air- 
The 
forward shadow -shield assemblies, come- 
posed of two disks and four rings, can 
be installed or removed during reactor 


nine shield can 
filled remotely 
with solutions. 


borne) aqueous 


maintenance periods in the handling 
tank. These assemblies can be filled 
with air, lead or aqueous solutions. 
All told, 26 significantly different 
shielding configurations can be 
tained by suitable combinations of 
filled and empty shield tanks. 


ob- 


Cooling System 


The reactor cooling systems, ground 
and airborne, are designed to maintain 
the ASTR at an average operating 
temperature of 150° F (inlet 140° F, 
outlet 160° F) at the maximum power 


criticality were devoted mainly to de- 
termination of the nuclear character- 
istics and parameters of the reactor 
core. Systematic measurements were 
made of critical masses, flux and power 
distributions, control-rod effectiveness, 
temperature and power coefficients, * 
core void coefficients, fuel-plate tem- 
peratures, and dynamic control system 
responses. During this time nuclear 
and thermal power calibrations of 
the reactor instrumentation were also 
performed, 

The ASTR was designed and built 
on the basis of nuclear calculations 
alone, without benefit of critical-experi- 
ment facilities. The minor changes in 
the reactor system, indicated as desir- 


* J.C. Nance. Temperature coefficient 
of aircraft shield test reactor, NUCLEONICS 
14, No. 8, 98 (1956). 
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able by the postcritical testing, were 
made rapidly, and, by April of 1955, 
the reactor was ready to begin ground 
tests in conjunction with a modified 
B-36 (called the Nuclear Test Airplane 
or NTA). 

The ASTR postcritical testing had 
been accomplished in such a way that 
the reactor residual radiation was held 
to a minimum. 
nel access about the 


This allowed person- 
reactor for the 
subsequent ground tests. During these 
tests, the ASTR ground-handling equip- 
ment was checked and rechecked in 
actual operation. 
tion of loading the ASTR into the NTA 


was cycled many times to ensure that 


The compl X Opera- 


the remotely-coupled hydraulic, elec- 
trical and 
would successfully operate on a repeti- 


mechanical connections 
tive basis. 

The ASTR was remotely loaded into 
the NTA and operated by means of the 
aircraft control system with the air- 
plane in a static condition. Next, with 
the reactor shut down, all engines on 
the NTA were run-up on the ground to 
determine the effect of vibration on the 
complete ASTR system. Finally, with 
minor revisions to the system, the 
ASTR was operated at a low power in 
the NTA with all engines operating. 

Following the successful completion 
of these ground tests, a series of shake- 
down flights these 
flights, the airplane carried all the 
special systems and the noncritical re- 
actor. With these preliminaries out of 
the way, the first critical flight took 
place. 


was made. In 


Handling and Operation 
Because the ASTR was designed as a 
shield-test reactor, the shielding allows 
a large amount of radiation to escapx 
from the core. Consequently, the ra- 
diation levels immediately about the 
ASTR, even when the reactor is shut 
lown, prohibit personnel access. To 
permit maintenance of the ASTR, as 
well as transportation between the air- 
craft 
handling pool, it was necessary to de- 


loading pit and the 
sign and fabricate dependable reactor- 
handling equipment. 

For maintenance, the ASTR is sub- 
A set of handling 


tools allows complete reactor disassem- 


merged in a pool. 


bly by personnel located on the bridges 
above the pool.. Figure 3 shows the 
ASTR in the pool (forward end up 
with a fuel element being inserted into 
the core. In this figure the forward 
shields and sections of the reactor have 
been removed to core. 
The ASTR is supported in a fixture 
that permits remote positioning under- 
water from aft-end up to forward-end 
up. Access to both ends is necessary 


expose the 


because fuel-element loading and shield 
tank installation is performed from the 
forward end and instrumentation and 
control-rod drives are installed from 
the aft end. 

When all maintenance is complete, 
the cradle is rotated back to its normal 
horizontal: position and the reactor is 
readied for transport to the loading pit. 
The roof of the building housing the 
maintenance pool can be rolled open to 
permit a shielded gantry crane access 


reactor 


to the reactor. Figure 4 shows the 
ASTR lifted 
The crane hook is engaged to a leveling 
attached to the ASTR. 


lhe shielded gantry crane can be seen 


being from the pool. 


mechanism 


in Fig. 5 lowering the ASTR onto the 
lift mechanism of the aircraft loading 
pit. 

The pit 
platform. 
rival on the scene, the lift platform has 
The 


crane places the reactor on the lift, and 


contains a hydraulic lift 
Prior to the reactor’s ar- 


been raised to its full height. 
the entire apparatus is lowered into the 
pit. Heavy steel doors are rolled into 
place over the pit when the lift is com- 
pletely down. 

The B-36 carries the ASTR in its aft 
bay. A 
neered nose section includes a shielded 
Air 


each side of the fuselage prov ide air to 


bomb completely re-engi- 


crew compartment. scoops on 


the reactor-cooling-system heat ex- 
changers. A special shielded vehicle 
is used for towing the airplane into 
position. this vehicle 
was provided so that the NTA could be 
with the 


Shielding on 


towed reactor on board, 

The airplane is towed to the loading 
turntable where the 
wheels of one main landing gear are 
chocked. With one gear on the turn- 
table chocked, the 
around in a tight circle and positioned 
Once the plane 


pit and onto a 


plane is towed 
over the loading pit. 
is in position, all personnel retire to 
shielded areas for the duration of the 
loading operations. The entire 
cedure takes about 20 min from the 
time the pit until the 


pro- 


doors open 





Here’s How Remote Handling of ASTR is Accomplished— 


FIG. 3. Stripped ASTR in maintenance 
fixture in pool (ordinarily water-filled) 


FIG. 4. Assembled ASTR being raised out of maintenance pool by crane. 


Electric 


and hydraulic quick-disconnected couplings can be seen on top of reactor 

















reactor is loaded aboard the plane. 
The loading-pit doors are opened by 
the loading operator from the under- 
During the time 
sed since the crane placed the re- 
ictor on the lift, a pre-flight check of 
reactor was made, that is, it was 
checked to ensure that all rod drive 
notors were functioning, that all in- 


rround control room. 


strumentation was registering properly, 
and that all control rods could be with- 
The core and all shield tanks 
have been filled with water, and the 
reactor is ready to be loaded. Figure 
aft view of the ASTR being 
loaded into the bomb bay of the NTA 


by the 


drawn 


0 1S an 


lift mechanism. 

When the actual loading of the re- 
ctor into the airplane begins, the lift 
must align the reactor accurately to 
ensure that all latches and quick-dis- 
ect panels of the reactor and air- 
plans After the panels have 
been mated, the reactor operator in the 
crew compartment is then able to oper- 
reactor remotely; to empty, fill, 


oI 


mate. 


ate the 
or pass moderator water through the 
wr to fill any or all of the water 
shields in the reactor. 

The lift is made up of four movable 
platforms for adjustments in the atti- 
tude of the reactor while it is being 
positioned in the airplane. The re- 
actor may be tilted, rotated about a 
moved _hori- 
zontally either transversely or longi- 
tudinally. When the lift attains a 


cor 


centerline, or 


vertical 


certain height, probes on both ends of 
the lift platform are extended upward 
until 


they engage their mating places 





in the reactor bay. At this point, indi- 
cators on the console show the lift oper- 
ator the degree of misalignment of the 
lift, if any, by sensing the probe atti- 
tude. The lift platform is then ad- 
justed to make the probes vertical, 
thereby exact alignment 
with the airplane. After alignment 
has been attained, the lift drives the 
reactor into the bay and latches it 
firmly in place. When the reactor is 
secured and the lift has been lowered 
once into the loading pit, the 
bomb-bay doors are closed and the 
airplane is ready to begin its flight. 
The NTA, now loaded with the re- 
actor, taxies out of the exclusion ares 
to the runway. Here the pilot checks 
out the various functions of the air- 
plane under his surveillance. Mean- 
while, the coolant-moderator water is 


indicating 


more 


being completely drained from the re- 
actor core as an added safety precau- 
tion during take-off. 

During the take-off and subsequent 
flight, an escort plane (modified B-50) 
follows the NTA. Personnel in the 
escort plane watch for any difficulties 
which the NTA crew might not detect. 
The airplanes fly cross-country through 
a preselected flight corridor to an 
isolated area where the actual reactor 
operations are carried out. A flight 
may not take place unless perfect or 
near-perfect weather conditions exist 
over the entire operations area. 

After arrival at the test area, the 
core of the reactor is filled with water. 
The reactor operator starts the reactor 
by withdrawing the control rods in 





the standard operating sequence. The 
safety rod is withdrawn first, the regu- 
lating rod next, and finally the shim- 
safety rod. When the desired condi- 
tions of operation are reached, the 
is stabilized and the 
Radiation 


reactor 
recording of data begins. 
levels are measured by the nuclear 


power 


engineer in the shielded crew compart- 
ment as well as in the remote portions 
of the airplane. Detection and meas- 
urement of air-scattered radiation are 
made by the specially-instrumented 
escort plane. 

Upon completion of the data runs, 
the reactor is shut down and the planes 
then return to their home base by way 
of the same flight corridor through 
which they flew on the way out. Dur- 
ing the return trip, cooling water is 
circulated through the reactor core to 
remove the residual heat; however, be- 
fore the plane lands, the moderator 
water is drained from the core. 

During the extensive experimental 
flight program carried out since that 
first flight (spanning a period of over 
20 months), the ASTR has been oper- 
ated frequently up to maximum power 
on a routine basis. The reactor and 
its associated systems have proved to 
be exceptionally reliable and operations 
on the ground and in the air have been 
gratifyingly trouble-free. Engineering 
experience gained through this program 
has proved that the design and system- 
atic operation of highly mobile reactor 
systems, while by no means effortless, 
is well within the scope of present re- 
actor technology. 











FIG. 5. 


From Maintenance Pool to Loading Pit and into B-36 Bomb Bay 





Shielded gantry crane transports ASTR to aircraft loading pit where hydrau- 
lic lift is fully extended. Airplane is rolled over pit by shielded tractor 















FIG. 6. ASTR being raised into air- 
plane bomb bay by hydraulic lift 











Plutonium Recycle Test Reactor 


By R. M. FRYAR 


Hanford Atomic Products Operation, Richland, Washington 


THe Puiutonium Recycie Test Re- 
ACTOR is part of a program to develop 
the technology of thermal heterogene- 
ous power reactors using a plutonium 
fuel cycle. 

The reactor design 
was not selected as an optimum type 


described her¢ 
for the uranium-plutonium cycle, but 
as a facility for experiment and testing. 
The reactor is to provide 
fuel-element 


data on 
nuclear physics, design 
and performance, and engineering tech- 
nology that are essential to the plu- 
tonium-recycle concept, including, but 
not necessarily restricted to, the self- 
sustaining cycle. 

Physics tests will yield information 
on critical startup conditions, reactor- 
control characteristics and the reactiv- 


ity effects of various lattice parameters 


and conditions. Such in- 


formation as long-exposure character- 


operating 


istics, isotope composition and material 
balance under both equilibrium and 
nonequilibrium conditions is necessary 
to reduce the cycle concept to a practi- 
cal design. 

A number of fuel-element designs will 
be tested. Finally, the test reactor 
must provide irradiated fuel for reproc- 
essing and refabricating studies. 


For the initial loading, about 35% of 
the fuel elements will be spike-enriched 
with plutonium and the remainder will 
be natural UO. It is expected that 
the UO. will be of PWR grade, ex- 
truded or pressed and sintered to about 


90% theoretical density. Subsequent 


loadings may be uniformly enriched. 
Burnup target for the UO, elements 
will be about 5,000 Mwd/ton. 

A leading candidate for the uranium 
loading is a concentric-cylinder assem- 
bly jacketed in Zircaloy-2 or perhaps 
Zircaloy-3. It is anticipated that 
the plutonium-enriched elements will 
have plutonium-aluminum alloy cores. 
These elements may be in the same 
form as the feed-fuel elements or in the 
form of a 19-rod cluster. 

Construction of the reactor is to 
start in early 1958. Startup is sched- 
uled for the spring of 1960. 

* . * 


This article is based on papers presented at 
the 4tomic Industrial Forum, Neu York, 
October, 1957, and at the AEC-ASM-spon- 
sored Conference on the Metal Plutonium, 
1957. 


Chicago, November, 





T. REACTOR CORE... 


is contained in an 84-in.-i.d., 115-in.-high 


aluminum tank. In this calandria are 
85 fuel, 18 shim-rod-control and 13 flux- 
monitoring channels. The 85 fuel tubes 
are arranged on an 8-in. equilateral tri- 
angular lattice. A doubl -tube arrange- 
ment insulates the low-temperature mod- 
erator from the high-temperature pri- 


shroud) tube, 


mary coolant—the outer 
part of the calandria, is made of alumi- 
num; a }4-in. helium thermal insulating 
gap between shroud and process tube 
restricts heat flow to the calandria to 
<1 Mw. The Zircaloy-2 fuel tubes will 
be 3.250 + 0.010 in. i.d. with a 0.154 

0.008-in.-thick wall in the 
the lower end of the tubes will be tapered 
to a 2-in. o.d. with a greater wall thick- 


reactor core 


ness for ease of assembly at the lower 


face piping. 

An annular dump chamber, attached to 
the lower end of the calandria, is a col- 
lecting header for moderator effluent that 
spills over a weir and also serves as a 
temporary storage volume for moderator 
during a reactor scram. About 65% of 
the moderator effluent flows through the 
drain header to the moderator tank, the 
remainder flowing dump- 
chamber weir. Moderator flow is about 


62 


over the 





SHIM CONTROL CHANNEL 


TOP SHIELD 
(RON SHOT 63% 
WATER 37%) 


MONITOR CHANNEL 
WATER OVERFLOW LINE 


ALUMINUM CALANORIA 
(HEAVY WATER MODERATOR) 


BOTTOM SHIELD 
RON SHOT 65% 
WATER 37%) 


DRAIN LINE 


1,100 gpm with a temperature change 
from 137° F to 160° F. 
water reflector is contained in an annular 
cylinder (11-ft 0.d., 7-ft id., 6 ft 10 in. 
high) outside the calandria tank. Re- 
flector circulation is about 300 gpm at the 
same temperatures as the moderator. 
Biological shielding surrounds the calan- 
dria and reflector on all sides. The side 
shield is 71-in.-thick, 21-ft-deep high- 
The inside surface is 


Heavy- or light- 


density concrete. 


OUTLET HEADER 
LIGHT WATER REFLECTOR 


TOP GAS LINE 


PRIMARY SHIELD 
(HIGH DENSITY CONCRETE) 


THERMAL SHIELD 
INLET WATER LINE 


BOTTOM GAS LINE 


INLET HEADER 


“DUMP VALVE 


“=> TOP GAS LINE 


a }9-in.-thick steel liner that serves as a 
gas seal for the helium atmosphere. In- 
side the liner is a thermal shield of 12-in.- 
thick cast iron, which absorbs about 90% 
of the energy escaping from the core. 
Bottom and top shields are 40-in.-thick 
steel tanks filled with iron pellets (63% 
by volume) and water, giving a density of 
285 |b/ft*. 
rotating shield assembly with an eccen- 


Above the top shield is a 


trically located access hole. 
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2. TEST REACTOR... 


is housed in an 80-ft-diameter contain- 
ment shell extending 75 ft above grade. 
Shell design pressure is 15 psig; although 
it is planned to use heavy-water coolant, 
vhich in the worst possible incident 

oolant-header failure) would create a 
pressure of 3 psi, the shell is designed to 
incident, which 
12.5 psi. 


contain a light-water 
could 
About 66 Mw of heat is removed by 
heating heavy water from 480° to 530° F; 
the 8,400-gpm coolant flow to the steam- 


involve a pressure of 


generator heat exchanger is cooled by 
~206,000 lb of water into 425- 
psia saturated steam. Most of the steam 
is condensed in the Columbia River in a 


boiling 


jet ondenser. 


JON EXCHANGE 
vA 


PROCESS cet 


LOWER }#EACTOR FACE 
ACCESS 


CHANGE FOUM 
OFFICE AREA 


MAINTENANCE SHOPS 


EQUIPMENT 
ACCESS WELL 





Be PRIMARY CONTROL... 


s based on variation of reactivity by 


variation in the moderator level in the 
alandria 


by applying a differential helium gas pres- 


Moderator level is controlled 


sure across the moderator surface in the 
calandria and the surface at the annular 
When the 
pressure differential is established, flow 


weir in the dump chamber. 


over the weir will be suppressed and the 
moderator will seek a level at which the 
liquid head exactly balances the applied 
differential. The 


rate of reactivity increase is governed 


pressure maximum 
by increases in moderator level, which is 
limited by the capacity of the helium 
The 


enough to 


helium system is made 
limit the 


less than 


system. 
reactivity 
the 
system. 


small 


increase rate to a value 


response time of the control 
Moderator 


controlled by signals from either neutron- 


level will be automatically 
flux level or reactor periocl or both. 

A shim control system is provided for 
Primary 
maintenance of normal 


close adjustment of reactivity. 
purposes are: (1 


moderator operating level, (2) compen- 
for fuel burnout, (3 
for xenon override and flattening of the 
neutron flux, (4 flux. 
Shim-control operation is and 
not intended as a safety device. Each 
shim unit consists of two half-rods about 
3 ft long. 
tioned by a miniature stainless-steel stud 


sation provisions 


depression of 
manual 
Each rod is individually posi- 
chain driven by a geared miniature elec- 


tric Rod 
mitted to the control room by synchro 


motor. positions are trans- 


transmitter linkages. The rods are self- 
contained units, easily replaceable. 
Reactor scram is accomplished, auto- 
matically or manually, by equalizing the 
gas pressure between the top gas plenum 
Mod- 
erator flows out of the calandria at an 
average rate of 20,000 gpm; within 0.7 


and the moderator storage tank. 


sec, moderator level falls 2 ft. 





4. THE CHARGE-DISCHARGE 
MACHINE... 


is about 25 ft high and weighs 50 tons. 
The vehicle is controlled by an operator 
riding New, nonirradiated fuel ele- 
ments are stored in the pit under the reac- 
For discharging, a fuel 
element is withdrawn by the vehicle into 
the discharge cask and carried to an un- 
The carrier is 
tipped into an inclined position and the 


tor-hall floor. 


derwater transfer carrier. 


element rolls out of the reactor contain- 
vessel onto conveyor tracks in the 


ment 


storage basin, where the assembly is 
again set upright. The basin is equipped 
with a bridge crane for moving elements 


to the desired storage positicn. 
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Conceptual design of cell for continuous reduction of uranium 


By L. W. NIEDRACH,* B. E. DEARING and A. C. SCHAFERT 


K nolls 
New 


Sc he nec tady, 


METALLIC URANIUM is currently pré 
pared by the bomb reduction of UF, 
with Mg metal (1), a batch process re- 
quiring several steps. However 
troreduction of UO; directly to th 
metal is amenable to continuous oper- 
ation when run at temperatures above 
the melting point of U. The work re- 
ported here has been concerned with 
the development of a process analogous 
to the Hall process used for aluminum 
production. It has resulted in the de- 
sign of a prdduction-scale cell (sec 
Fig. 1). ‘ 


Process Variables 

While UO; is the preferred oxide feed 
for a practical process, UO. was chosen 
for most of the laboratory work in test- 


Labora- 


Schenectady, 


* PRESENT AppRESS: Research 
tory, General Electric Co., 
| 

T Present Appress: Oak 
tional Laboratory, Oak Ridge, Tenn. 
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Ridge Na- 


{tomic Power 


Laboratory 
Yo } 


effects of variables. This 


choice was made because the CO pro- 


ing the 


duced in the electrolysis reduces UO; 
chemically to UO, without requiring an 
Only the 
reduction of UOs to metal consumes 


applied electromotive force. 


current. 

Operating temperature is limited by 
the melting point of U, 1,130° C, as a 
lower limit, and by the volatility of the 
salts and reactivity of the metal at 
high temperatures. A temperature of 
1,175-1,200° C proved satisfactory in 
the laboratory work. 

It is important that decomposition of 
the diluent salts in the electrolytic bath 
be minimized. The most satisfactory 
baths tested were equimolar mixtures 
of MgF, and BaF, to which UF, was 
added. 

The most important variables were 
the magnitude of the electrolysis cur- 
rent and the U-salt the 
electrolytic bath (see Fig. 2). Lower 


content of 





TABLE 1—Cell Operating Conditions 





1,000 
25,000 


Yield of metal 
Current, amp (at 75% eff.) 


kg /day 


mole %) 


10; BaF», 40 


Bath composition 
UF,, 20; MgFs, 
Feed rates (kg/day 
UO; 1,200 
Graphite anodes 100 
BaF, makeup 0.1 
MgF, makeup 0.3 
UF, makeup 2.5 
Anode area 1,210 
Anode diameter (in.) 16 
Depth of anode immersed (in.) 2 


Number of anodes 4 


in*) 


Cathode area (cell cross sec- 
tion plus immersed 
walls, in? 3,380 
Depth of wall immersed (in.) 5 
Anode current (amp/in?) 21 


Cathode current (amp/in?) i 
Cell cross section for gas flow 

in? 1,600 
Gas produced at 1,200° C 


ft?/min 





Electrolytic U 


efficiencies with high UF, content ap- 
pear to be related to the fact that at 
high concentrations a fair portion of 
the electrolysis current can be carried 
by eyclic oxidation and reduction be- 
tween two valence states, presumably 
Ut and Ut4, 


low concentrations it is impossible to 


However, at relatively 


operate with high currents because of 
polarization at the anode. It was con- 
cluded from these data that the 20 mole 
% UF, bath is about the optimum. 

Fig. 2, 
efficiency is apparently obtained by op- 
The peak at this 
current is actually related to the fact 


According to an optimum 


eration at 50 amp. 
that, in all of the tests, the 50-amp op- 
erating point was the first one of a 
series at different currents. Any oxide 
originally present in the salt bath as 
available for 


-mpurity therefore 


electroreduction at this time and added 


was 


to the apparent efficiency of operation 


during that increment. Thus it would 
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ippear that operations at 50, 70 and 90 
ump are essentially equivalent. The 
lower efficiency at 25 amp, however, 
seems to be quite real. 

Under the test conditions, operation 
it 50-90 amp corresponded to anode 
current densities of 5.2-9.7 amp/in?. 
With the 20 mole % UF, bath, opera- 

1 was actually pushed to anode-cur- 
rent densities as high as 23 amp/in?*. 

[t would appear from Figs. 3 and 4 
UO 
reduced, but that because of a 


hat the was inherently more 
ger average particle size the net re- 
on efficiency was less with this 
rial than the others. 
ill cases the efficiency of reduc- 
was <100%. This is largely 
uuse the solubility of UO. in the 
ectrolytes is low and the oxides 
were tested all settled rapidly 
baths. In addition, the settled 
prevented the 
from agglomerating 
billets. This settling 
problem is considered the most impor- 


des also generally 
luct metal 


nt ompact 


tant remaining development problem. 
However, through the proper choice of 
ind particle size the problem 


eliminated. 





TABLE 2—Estimated Plant Cost* 


Cost 
Yearly per lb 


Total plant investment 


$7.847.000 amortized 


20 yr 


$1,569,000 


Direct operating costs 


$ 355,000 
1,468,000 
228,000 


2,051,000 


Indirect operating costs 


267,000 
79,000 
70,000 
| overhead, local 


197,000 


613,000 


$4,233,000 


insurance 
0.077 
Total cost $0 .527 
If a 25 return on investment (before 
es) is desired, an additional $0.129 

d be added to the above costs. 


10 long tons/day capacity and 
operation. 





Vol. 16, No. 1 - January, 1958 


CO and CO, were the major gaseous 
The CO content was 
and no correlation with the 


anode products. 
75-82%, 
magnitude of the electrolysis current 
was evident. In the run with the 
19 mole % UF, bath, the CO content 
fell to 50%. In this case 4-10% CF, 
was also found. The CF, content with 
the 15 mole % UF, bath averaged 
slightly less than 1%. In all other 
cases the CF, content of the off-gases 
0.1%. 
was ever detected in 


was equal to or less than 
Neither O, nor F, 
the off-gases. 
Product analysis gave low analyses 
for oxygen (4-6 ppm), barium (<200 
ppm) 
hydrogen (<1 ppm), all constituents 
of the baths. Major impurities were 
Al and Si (both >1,000 ppm), which 
were undoubtedly obtained from struc- 


ppm), magnesium (7-20 and 


tural materials and could be avoided. 
about 600 ppm 
were felt to be reasonable in view of 


Carbon contents of 


the use of graphite cells. 


Electrolysis Cell 

An electrolytic cell having the oper- 
ating conditions listed in Table 1 ap- 
pears reasonable. The cell dimensions 
are largely determined by electrode 
current densities. It is necessary to 
keep the immersion depth of the anodes 
low to facilitate attack from the bot- 
This 


cell cross section. 


tom. causes a relatively large 

Four 16-in.-diam electrodes would be 
fed continuously through the cell cover. 
Electrical input would be 25,000 amp 
at approximately 5 volts, d-c. 

Graphite was chosen for the cell 
lining in spite of the fact that U has 
a finite solubility for C and also forms 
carbides. Preliminary data (2) sup- 
port the assumption that the carbide 
layer at the interface will be protective. 
Nevertheless it is 
metal itself saturate 
about 500 ppm. The 
would corrode at a rate of 2.6 in./yr, 
which is assumed to be the life of the 
lining. 

The oxide feed would enter through 
a port (not shown) in the cover of the 
cell. The tapping operation will prob- 
ably be done in air, a procedure not 
without precedent for U (3). 


assumed that the 
with C at 
bottom 


will 
cell 


Cost Estimate 


A preliminary cost estimate is 
in Table 2. 


present 


given 
the 
portunities. 


Two aspects of 
cost-reduction op- 
First, the cells contribute 


cells 


8 


8 


8 
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FIG. 2. Effect of current and salt-bath 
composition on reduction efficiency 
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FiG. 4. Effect of particle size on reduc- 
tion efficiency 


about $3,000,000 to the plant invest- 
Second, replacement of the cell 
$1.3 
per year to the operating cost. 


ment 
liners contributes about million 
Higher- 
the 
aluminum industry, will lead to a ro- 
Re- 
duction in the operating costs can be 
achieved if the useful life of the cell 
linings exceeds the assumed 1 yr. 


capacity cells, such as used in 


duction in the plant investment. 
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Charting a Course for 
Nuclear Power Development 


By 1980, a large part of our electric power will be nuclear in origin. 


A rational approach to long-term reactor economics is proposed 


that stresses the role of realistic material and capital costs 


By KARL COHEN 


Atomic Power Equipment Department, General Electric Co., San Jose, California 


THE CHOICE OF A REACTOR TYPE appro- 
priate for the development of a national 
nuclear power system involves a great 
many factors. 
portant are: 

1. Availability and price 
and conventional fuels. 

2. The state of technical develop- 
ment of the nuclear and competing 
industries. 

3. The requirements for electrical 
energy. 

4. The the 
energy complex as a whole. 

The weight of these factors varies 
from country to country and with time. 
Thus, there is no single best reactor 
type. 

However, since the development of 
an excessive number of reactor systems 


Some of the most im- 


of nuclear 


economics of nuclear 


is expensive, we must make a selection. 
Further, the scale of nuclear operations 
is rapidly increasing, and changing 
course in the future will be enormously 
expensive. 

In the evaluation 
three reactor types are 
illustrate the approach. It is 
nized that intermediate designs as well 
as other types may prove feasible. 
The discussion is further 
terms of the projected U. S. domestic 
economy. However, the results may 
be easily applied to other situations 
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presented here, 
discussed to 


rece g- 


framed it 


Reactor Types 


Three principal reactor systems are 
competing for recognition. They are 
the water-moderated 
nium-fueled reactor, 


moderated natural-uranium-fueled re- 


enriched-ura- 
the graphite- 


actor and the heavy-water-moderated, 
natural-uranium-fueled The 
belief is not uncommon that water re- 


reactor. 


actors make extraordinary demands on 
raw materials (uranium) and capital 
(diffusion plants), which makes them 
national 
diffusion 


basis of a 
power the 
plant can be written off for other pur- 


unsuitable as a 
economy unless 
poses. This makes comparison of the 
three reactor types on purely economic 
this 
article we shall accordingly investigate 


grounds seem superfluous. In 


first the uranium requirements of water 
and graphite reactors,* and then the 
capital requirements of diffusion plants 
and heavy-water plants as they would 
apply to a rapidly growing nuclear- 
power economy. The discussion will 


be based on the assumption that the 


* It is premature to assess the uranium 
requirements of heavy-wate! 
There is considerable difference 
preliminary designs from Chalk River and 
Savannah River, both organizations having 
considerable experience in heavy-water re- 
The more optimistic designs indi- 
cate very low requirements. 


reactors 
bet ween 


actors. 


economy will use all water plants, all 
graphite plants or all heavy-water 
plants. 

We shall find that the uranium re- 
quirements for natural-uranium-graph- 
ite and enriched-uranium plants are 
comparable and, when recycling is fac- 
tored in, not large enough in either case 
to warrant concern over short supply 
before 1980. The capital requirements 
for diffusion plant, per kw of power 
plant supported, are quite moderate, 
so that reactors using enriched fuels 
have a perfectly sustainable economic 
justification. 
the results show 
there is no unbridgeable discontinuity 


Since foregoing 
between the various reactor types, our 
prime concern must be with the meas- 
ures used for determining comparative 
economic usefulness. The balance of 
the article highlights the problem of 
capital accumulation for nuclear power 
plants. We conclude that appropri- 
ately high capital charges on plant, fuel 
inventory and other special materials 
in cost studies now are the best guaran- 
tee against exorbitant capital expendi- 
tures in the future. 

Finally, we do not intend to imply 
that the considerations presented suf- 
fice (in the absence of capital-cost in- 
formation) to choose between the three 
reactor systems discussed. 
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This Power Growth 


Nuclear 
installed | 
Mw(th) Inventory 


Total 
installed 
V we) 


2,000 | 200 
9,000 | 900 

1,210 
2,210 
4,000 


1960 180,000 


250,000 


1965 


12,100 | 
22,100 
40,000 | 


73,400 | 
133,200 | 
180,000 | 
240,000 

444,000 | 
754,000 | 


LU66 
1968 


1970 360,000 


7,340 
13,320 
18,000 
24,000 
44,400 
75,400 


197 
197 $74,000 


197: 509,000 


1976 546,000 
627,000 


720,000 


1978 


1980 


* Assume 


all domestic power plants use uranium enriched to 1.5%. 


+ Requires This Much Enriched U . 


Or This Much D.O 





Enriched-uranium requirements (tons) * 


Heavy-water 
requirements (tons) t 





Annual 
requirement 


Cumulative Cumulative 


thr Sit: put 


requiremeni 


Equilibrium 
throughput 


Cumulative Annual 


requirement requirement 


aeaide 





200 

400 

1,400 550 
2,690 990 
5,010 1,850 
3,250 
6,050 
7,800 
11,320 
19,500 


0 200 
95 1,000 


185 
475 
1,010 
1,970 
3,730 
5,100 


9,310 
17,050 
23, 100 
6,900 30,900 
12,800 57,200 
23,500 98,900 


480 


756 


be 480 
2,160 
1,110 
1,850 
3,470 


2,920 
5,310 
9,600 
17,600 
32,000 
43,200 
57,600 
107,000 
180,000 


550 
1,000 


1,840 
3,330 
4,500 
6,000 
11,100 
18,800 


6,040 
11,200 
14,400 
21,200 
35,600 


Equilibrium throughput is the amount of enriched uranium 


equired per year on a long-time basis to support the plants already bwit but not to increase their number. 
Assumes all domestic power plants use heavy water. 





Nuclear Power Growth 


Projections of the apy gener- 
ating capability in the U. 8S. (1) indicate 
about 180-million kw in 1960, roughly 
doubling every 10 years thereafter (see 
Table 1, The same increase 

~7%/yr) is expected in Europe (2). 

A conservative (high) estimate of 
nuclear fuel requirements is obtained 
by an optimistic projection of the nu- 
generating capability. The nu- 
clear generating capability in the U. 8. 
2,000 Mw/(th) in 1960. We 
to increase at the rate of 
35%/yr until the rate of growth over- 
takes that of total power. This leads 
to 754,000 Mw/(th) in 1980.* 

Except for 1979 and 1980, 
growth rate is approximated by 


above). 


clear 


will be 


assume it 


the 


P (installed capability) 
= 2,000e°-* Mw(th) 


For such a steep gradient, the principal 
requirement of nuclear fuel will be for 
We shall therefore look 
into this term somewhat carefully. 


inventory. 


Enriched-Uranium Requirements 


If the average specific power in the 


*In with the consensus of 
predictions given in NUCLEONICcs, Septem- 
ber, 1957, p. 91. 
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igreement 


reactor is K Mw/(th)/ton, the fuel life- 
time is 7 Mwd/ton, and f is the plant 
load factor, then the average in-pile 
residence time is 7'/Kf days. Now if 
this is sufficiently large, all other con- 
tributions to inventory will be minor. 
For a typical first-generation reactor 
(the Dresden Nuclear Power Station), 
the in-pile residence time is about 1,300 
days; the fabrication time is 300 days; 
cooling and reprocessing is another 180 
days. Including 20% spares, the out- 
of-pile inventory is 57% of the in-pile 
inventory. The total inventory [K = 
11 Mw(th)/ton] is about 1 ton of 1.5%- 
enriched uranium per 7 Mw/(th). 
Under present arrangements, where 
fuel inventory is financed at 4%, the 
inventory cost of fissionable material 
is about 0.37 mill/kwh.t With con- 
ventional financing, the inventory cost 
would be nearer 1.3 mill/kwh, which 
would be painful. Either to conserve 
the supply of fuel available at 4% 
financing or to prepare for higher in- 
ventory charges, reactors will be de- 
signed with higher specific powers, and 
outside inventory will be correspond- 
ingly tightened up. There are no fore- 
seeable difficulties in reaching 1 ton/10 
Mutiny. In 10 years or 30, to reduce 


+ In this calculation account is taken of 
the progressive depreciation in value of the 
fuel during irradiation. 


plant capital costs, we anticipate 1 
ton/15-20 Mw(th) will be the design 
target. In calculating the require- 
ment of enriched fuel, we shall use the 
lower specific power, 1 ton/10 Mw(th). 

During the 20-year period 1960- 
1980, when the number of nuclear 
plants is increasing rapidly, burnup 
will be a lesser burden on fuel supplies. 
However it cannot be neglected. As- 
suming the fuel goes through the reac- 
tor only once, the throughput is 365 
f/T tons/yr/Mw/(th), which for Dres- 
den (f = 0.7, 7 = 10,000 Mwd/ton) is 
2.5 X 10- 2 ton/yr/Mw/(th). 

The total inventory of fissionable 
material required is 0.1P(t); and the 
cumulative throughput is 


2.5 X 1072 @ P(t — 3.5) dt 


accounting for the 3.5-yr delay be- 
tween input and output of 10,000 
Mwd/ton fuel. These functions are 
tabulated in Table 1. 

So far we have considered all power 
production to be from thermal reactors. 
If breeders are successful, they will be 
started on plutonium. Thus any pro- 
portion of breeders will decrease U*** 
requirements correspondingly. 


Natural-U Requirements 


The most recent design of a gas- 
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cooled, natural-uranium, graphite- 
moderated reactor is that of Hinkley 
Point. The output per reactor is 980 
Mw(th) and the fuel inventory is 300 
400 tons. 
tory, a value of 1 ton/3 Mw(th) seems 
appropriate to compare with the 1 
ton/10 Mw(th) of 
the same generation. 
of natural uranium is therefore taken 
as 144P(t). The fuel lifetime is taken 
as 3,000 Mwd/ton. The throughput, 


Counting outside inven- 


a water reactor of 
The inventory 


again with 70% load factor, becomes 
8.5 X 107? ton/yr/Mw(th), and 
cumulative throughput is 


8.5 X 107 [, 


the 


‘ 


_ P(t — 3.5) dt 


> 


again allowing for a 3.5-yr residence 
time in the reactor. 
The natural-uranium 
for graphite reactors of the Hinkley 
Point type are found by multiplying 
the enriched-uranium figures in Table 1 
by 1%. 
must remember that it takes over 2.5 
tons of natural uranium to make 1 ton 
of uranium with 1.5% U?* 
The annual natural-uranium 
ments for either system 


requirements 


For comparison purposes we 


content. 
require- 
assuming no 
fuel recycling) are thus approximately 
equal and reach about 60,000 tons/yr 
in 1980. 

Here it is worth noting that pluto- 
nium recycle will have an important 
effect. By using Pu to enrich a gas- 
cooled graphite reactor, substantially 
higher specific and better 
burnup may be Surely 
these two factors the 
annual uranium requirement by a fac- 
tor of 2. 

In the enriched-uranium system, the 


powers 
expec ted. 


would reduce 


material discharged from the reactor 
has a concentration of 0.7%. 
Without any assistance from the pluto- 
nium, we thus have an eventual factor 


about 


of 1.5/2.5 on the uranium requirement. 
Plutonium will permit some reduction 
in the enrichment required. If the re- 
duction is only to 1.2% U5, the 
natural-uranium feed to the diffusion 
plant would drop from 2.56 tons/ton of 
reactor fuel to 1.96. 

Thus the actual requirement of natu- 
ral uranium for the U. S. domestic 
economy would 30,000 
tons/yr over the entire period pro- 
jected, for either reactor system. It 
is estimated later in this article that 
present feed rates to the diffusion plants 
are about 15,000 tons/yr. Doubling 
this amount over the next 23 yr will 
be no problem. 
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TABLE 2—Cost of U. S. En- 
riched-Uranium Production 


Annual 
charge 


millions 


Item 
$2.3-billion at 10% (7 
depreciation 
Power, 50-billion kwh a 
4.1 mills 
Operating personnel, 
10,000 at $7,000* 
Maintenance at 2%* 


AEC overhead at 15% 


* Estimated. 





Heavy-Water Requirements 

Limiting the inventory of heavy 
water is already a well established de- 
sign criterion for heavy-water reactors. 
Values of 0.8 ton D.O/Mw(e) [or 0.24 
ton/Mw(th)] are attainable (3). We 
adopt this figure for calculation pur- 
poses. Assuming that no heavy-water 
makeup is required and that all domes- 
tic power plants use heavy water, the 
cumulative requirement in tons of D,O 
is 0.24P(t). 

Table 1 shows the cumulative and 
annual requirements of heavy water 
based on these assumptions. 


Enriched-Uranium Availability 


The amount of enriched uranium 
available from the U. S. diffusion plants 
can be estimated from published un- 
classified data. 

Let us assume that the price estab- 
lished by the AEC for enriched ura- 
nium is consistent with the manner of 
financing that has been used for other 
We know 


the capital investment represented by 


AEC processing operations. 


the total diffusion-plant operation is 
approximately $2.3-billion We 
know the amount of electricity con- 


(4). 


sumed by the AEC,* its average price 
(4) and the total number of people em- 
ployed in the three diffusion plants (5). 
Based on normal engineering salary 
levels, operation and maintenance costs 
can be roughly estimated. 

Further, of the $17/gm price of en- 
riched uranium, approximately $8 must 

* Total AEC; power use in 1956 was 58.5 


billion kwh (1). Assume 4@ is used outside 
of diffusion plants. 


represent the cost of the feed that is 
used (6). Therefore, the total of the 
capital and operating costs of the diffu- 
sion plants, divided by the price per 
gram of uranium after subtracting the 
feed cost, is a rough estimate of the 
total annual production rate. 

There are, of course, many details of 
the exact mode of operation and opti- 
mization of a diffusion cascade that we 
cannot take For ex- 
ample, the uranium effluent of the 
Hanford and Savannah River pluto- 
nium plants amounts to a large tonnage 
of slightly depleted feed, and if this is 
used as feed, it would decrease some- 
what the amount of enriched product 
from the cost 
totals, would raise the 
amount available. Nevertheless, for 
the accuracy required for the present 


into account. 


available. Omissions 


conversely, 


discussion, this estimate of the annual 
production rate cannot be far in error. 
It is reasonable to assume that the 
13 years of operating experience and 
improvements in successive plants 
probably compensate for the factors 
that we have omitted here. 

The cost of 90%-enriched uranium 
is $17,070 per kg of contained U*** (8). 
The portion of this cost represented by 
feed material is $8,000. From Table 
2, one can make the estimate 
$634 X 10° 70,000 
$9,070/kg 


kg/yr U* 
> 90% enrichment 
~85 short tons of 90%- 


enriched uranium/yr 


If the cascade is operated to produce 
1.5% material, the separative work per 
unit of product is about 200 times less; 
so, assuming sufficient feed,f the pro- 


duction capability becomes 


200 * 85 17,000 tons/yr of uranium 


enriched to 1.5% 


According to the foregoing estimate, 
the production from }4 of the existing 
diffusion plants would sustain indefi- 
nitely a nuclear power industry of 
70,000 Mw/(e), not 


expect to achieve before 1976. If one 


which we would 


of the diffusion plants were assigned to 
the task in 1970, it would also be able 
to build up the necessary fuel inven- 
The diffusion 


tory. investment in 


t The feed to produce 70,000 kg of U**5 
per year 15,400 short tons of 
natural uranium per year. To produce a 
mix of 34 U*** at high enrichment and % 
1.5% U** would require a feed of 34 X 
15,400 + (17,000/3) X 2.56 = 24,800 tons, 
(See ref. 7 for basis of calculation.) 
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plant per kilowatt of nuclear power, at 
the point where plant output equals in- 
ventory plus burnup requirements, is 
about $17/kw;* at the point where 
output equals burnup, it is $11/kw. 
The power input to diffusion plants 
supporting 70,000,000 kw(e) is 2,000,- 
000 kw(e). These figures are based on 
characteristics of a boiling-water re- 
actor, not significantly different from a 
plant in construction, and they make 
no allowance, for extending the fuel by 
recycling the plutonium. 


Heavy-Water Availability 


An estimate of the amount of heavy 
water available from U. 8. heavy-water 
plants can likewise be made from pub- 
lished unclassified data. From Table 
3, one can make the estimate 


$60 X 10° 


yr 
— = 2.1 X 10° lb/yr 


$98 /Ib 


= 1,100 tons/yr 


To sustain the domestic power indus- 
try to 1970, the production of both 
existing heavy-water plants would have 
to be assigned to this purpose in 1961. 
By 1966, production at the current 
level would be below demand, The 
investment in heavy-water plants at 
the cross-over point turns out to be 
$59 /kw/(e). 

During the next 20 years the D,O 
plant could furnish inventory for 
20 * 1.3 million kw(e), at which time 
the investment would have fallen to 
$9/kw. However, $59/kw(e) is the 
proper figure for D,O-plant investment 
to keep up with a nuclear power indus- 
try growing at the projected 35%/yr 
rate.t If heavy-water reactors are a 
fixed percentage of a rapidly growing 
nuclear economy, the investment per 
kw is But in a more 


slowly growing economy—~10 %/yr— 


not lowered. 


it is reduced to more manageable terms. 

Therefore: We arrive at the unex- 
pected conclusions: 

1. For an expanding nuclear econ- 
omy, it is far cheaper to invest in diffu- 
sion plants than in heavy-water plants 
(on today’s technologies). 


* Contrast with earlier estimate by Davis 
$40-80/kw. His estimate includes 
ic power stations feeding the diffu- 
p (according to this estimate, 
$6/kw Lane has already suggested (10) 
that Davis’ results may be conservative by 
a factor of 3. The difference is presumably 
in the estimated inventory requirements. 
+ Compare with Davis' $330-50/kw. Each 
1% of DO inventory required for annual 
losses increases the $1 kw/(e) figure by $2. 
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TABLE 3—Cost of U. S. Heavy- 
Water Production 


Annual ' 
charge 
Item (millions) 


$264-million (J1) at 10% 
depreciation 

Operation 
nance (guestimate) 


$26 


and mainte- 


AEC 


overhead at 15% 





2. A fraction of existing diffusion 
plants can support an order-of-magni- 
tude-larger power economy than both 


_ existing U. 8. heavy-water plants. 


3. In a slow-growing nuclear econ- 
omy investments in heavy water and 
diffusion plants are comparable. 


Capital Charges 

The preceding analysis shows that 
neither uranium supply nor capital in- 
vestment in plants for producing en- 
riched uranium or heavy water is by 
itself a determining factor in the choice 
of a reactor system. 

We are therefore led to straight eco- 
nomic comparisons. Here, the most 
important consideration is the capital 
charge. 

Capital charges on any type of plant 
cover three factors: (a) return on the 
-apital, (b) amortization, and (c) taxes. 
The purpose of the first is to supply 
new capital for the expansion of the in- 
dustry. If new plants have higher 
capital costs than their predecessors, 
the balance is upset—the accumulation 
of new capital must be increased. 

Our assumed growth curve for the 
nuclear industry indicates a 35% per 
year increase within a power industry 
whose over-all annual increase is 7%. 
On this simplified model, when 4 of 
the industry is nuclear, the entire in- 
crease would be nuclear. If nuclear 
plants at that time cost 1.5 times more 
than conventional plants, the capital 
requirement would be 1.5 times as 
large, but the base would still be largely 
conventional plants. This would pose 
financial problems. Partly for this 
reason, the assumed growth rate will 
not occur until the nuclear-plant costs 
closely approach conventional ones. 

The capital problem can be hidden, 
but not escaped, by distributing the 
burden over the whole national econ- 


omy instead of merely the power sector. 
Whether it is done by private or public 
capital, transforming to high-cost nu- 
clear plants on a crash program will 
create serious capital shortages. Re- 
actor evaluation should recognize this 
factor by using an appropriately high 
capital charge. In this country it has 
been usual to use 12-15%, which 
is normal utility financing practice. 
From the previous digcussion it is clear 
that this figure is valid when either: 

1. Nuclear plants are an insignificant 
fraction of all power plants, or 

2. Nuclear plant costs are not sig- 
nificantly larger than 
plant costs. 

In foreign countries where the need 
for increased electric power is more 
acute and the national economy base is 
smaller, the real cost of invested capital 
is not less. The important strategic 
consideration that $100/kw extra in- 
vested in a nuclear power plant would 
save $20/yr of imported coal should 
not lead us to forget that the same 
$100 in a motor bike factory would be 
expected to return more than $20/yr. 
Thus, while Europe needs atomic power 
plants for strategic reasons, the choice 
of reactor type should be made using 
realistic economic weighting factors. 
Since the European total power-growth 
projection is similar to ours, it is clear 
that their weighting factor should not 
be different. The conclusion is that 
the same type of reactor is appropriate 
for both the U. 8. and Europe. 


conventional 


Fuel Costs, Load Factors 


The choice of a fuel is an important 
consideration in reactor design. Fuel 
costs are presently only a small propor- 
tion of total nuclear power costs—20 to 
30%—and, in particular, are small 
compared with the capital costs. How- 
ever, the prospect of radical improve- 
ment in the capital costs, and an 
eventual end to government sources of 
fuel, materials and services, makes the 
fuel cycle somewhat more significant in 
long-range planning. 

The previous discussion shows that 
supplies of enriched uranium available 
from government sources are substan- 
tial. Nevertheless they might be ex- 
pected to become tight in about 20 
years, which is within the lifetime of 
first-generation reactors. While long- 
term fuel agreements on a first-come, 
first-served basis could freeze a 4% 
fuel-use charge for some power stations, 
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this procedure would sharpen the fuel- 
inventory problem prematurely for 
many more. It is probable that after 
1975 (if not before) additional diffusion 
plants for the civilian power market 
would be privately financed, and re- 
actor fuel would be sold as an ordinary 
commodity. It be expected 
that society will subsidize indefinitely 
the production of special nuclear mate- 
rials. The conclusion is inescapable 
that a gradual increase of fuel-inven- 
tory charges should be anticipated. 
This will apply to natural as well as to 
enriched uranium.* 

We cannot determine 
fuel and heavy water will be financed 
in the future. It is prudent to assume 
they will not be treated differently 
from other 
quently, advance reactor designs should 
be tested with a 14% fuel-inventory 
charge (and about 12-13% D.O-inven- 
tory charget). It will be seen at once 
that low-specific-power reactors are at 
a fatal disadvantage. 

Another extremely significant factor 


cannot 


exactly how 


capital items. Conse- 


in economic comparisons is the plant 
load factor. The costs that continue 
whether the plant is running or not are: 

1. Capital charges. 

2. In-pile fuel-inventory charges. 

3. Most labor. 

The costs that are proportional to 
load factor are: 

1. Fuel burnup charges and credits. 

2. Replacement fuel fabrication 
costs. 

3. Chemical recovery costs. 

4, Out-of-pile fuel inventory charges. 

A high load factor reduces the im- 
portance of capital charges and fuel 
inventory, and increases the impor- 
tance of fuel burnup and fabrication 
charges. The lifetime load 
factor of plants in U. 8. utility practice 
is below 60%. there are 
some reasons for believing that early 
nuclear plants will be 
to a certain extent. 

The possibility depends on whether 
the variable costst are substantially 


average 
Howe ver 


‘base-loaded”’ 


* The same consideration also applies to 
heavy water. Inventory charges will in- 
crease at a tempo that will ce pend on the 
popularity of heavy-water reactors 

t Amortization is deducted. We 
considered fuel as a depreciating asset and 
heavy water as a 
The reasons for the distinction are not over- 
whelming. For economic comparisons the 
difference is not extremely important 

t That is, costs that occur only if the 
plant operates. The discussion is limited 
to the fuel part of the variable costs, which 
is perhaps 85% of the total. 
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TABLE 4—-Nuclear Load Factors 


Differential in variable costs 
(nuclear plant compared 
with fossil-fueled) 
(mills /kwh 


Load 


fac tor 


0.0 60 
—0.5 70 
—1.0 75 
—2.0 80 





lower than the corresponding costs of 
conventional plants. If we take a 
fossil-fuel cost 20-30¢/MM 
Btu, and a thermal efficiency of 9,000 
Btu/kwh, we find that the variable 
cost for conventional steam plants will 
be 1.8-2.7 mills/kwh. 

The Dresden Nuclear Power Station 
is expected to reach a fuel cost of about 
2.5 mills/kwh in the mid-1960’s on a 


range of 


set of assumptions that include fuel in- 
ventory charges at 4% and a 70% load 
factor. For this calculation we must 
subtract the in-pile fuel 
charges. Making the adjustment, we 
find a variable fuel cost of 2.2 mills 


inventory 


kwh when fuel inventory is charged at 
4% and 2.6 mills/kwh when fuel is 
charged at 14%. This is encouraging 
to the prospect of base loading of nu- 
clear power plants, since there is reason 
to expect fuel fabrication costs, neutron 
economy and thermal efficiency will 
improve markedly in subsequent plants 
Even for this first-generation water- 
moderated plant in the full 
possibilities of neutron economy have 


which 


not been realized, the ‘‘ physics” part 
of fuel costs (burnup) is gratifyingly 
low (= 1.1 mills/kwh with Pu at $12 
gm; = 1.9 mills/kwh on a throw-away 
basis). 

Variable costs are by no means the 
entire story.§ Transmission costs tend 
to decrease the importance of fuel costs 
and increase the importance of local 
conditions. Down-time for refueling 
and maintenance will also tend to lower 
load factors somewhat—how much, the 
future will teach. 
that the 
power plants decrease over the years as 
added to the 


Experience shows 
load factors of individual 
more efficient units are 
network. 

It is clear that the load factors of 
nuclear plants will depend heavily on 
technical progress and local conditions. 
Under the circumstances, it is perilous 


§ I am indebted to W. W. Gartman for 
discussion of this point. 


to generalize. Nevertheless for gen- 
eral studies, so long as nuclear power 
plants are a small fraction of total 
capability, Table 4 might be used as a 
first approximation. From the fore- 
going discussion, it is unlikely that 
these numbers are underestimates. 


Conclusions 

The national capital requirements 
for a nuclear power industry will be 
minimized if the proper types of reactor 
and fuel are chosen. This will be as- 
sured if proper factors are used in eco- 
These are: 

1. Assessing capital charges at 12- 
15%.4 

2. Testing the effect of private 
ownership of fuels and special materials. 

3. Using moderate load factors** as 
in Table 4. 

In addition, consideration should be 
given to the amount of national capital 


nomic comparisons. 


required or existing in plants to pro- 
duce nuclear fuels and special materials. 

There has been some recent tendency 
to select reactor systems principally 
from the standpoint of their fuel cycle. 
It is, of course, easier to compare differ- 
ent fuel cycles than the probable trend 
of capital costs of different reactors. 
Nevertheless, it is essential to look be- 
yond the fuel cycle to the entire reactor 
system, and behind the reactor to the 
It is hoped 
that this study will focus attention on 


whole nuclear economy. 


the larger picture. 
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CAN WE BUILD REACTORS IN BIG CITIES? THE UNDERLYING QUESTION IS... 


Reactor Exclusion Areas— 


Can They Be Eliminated? 


Reactor safety, says the author, should depend on good engineering 


rather than exclusion. 


With conservative design we can put reactors 


where they are most useful without unusual public hazard 


By G. W. C. TAIT 


Atomic Energy of Canada Lid., Chalk River, Ontario 


REACTOR-SAFETY Calculation is based 
on the assumption that an airborne 
cloud of fission products is formed at 
the reactor and dispersed to the nearby 

intryside. Most safety people cal- 
ite the maximum distance at which 
can deliver an above- 
Then they draw a 


a cloud 
erance dose. 
e with this radius about the reactor 

ise this circle as a guide in locating 

e reactor where people will not be un- 
duly exposed to risk. The anomaly 
irises that the exclusion area is usually 
many times as large as the maximum 
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area that could be threatened in a con- 
ceivable accident. This maximum 
threatened area is determined by the 
area and radioactivity content of the 
cloud rather than by the distance that 
it can travel. 

Detailed examination of the predic- 
tions of cloud-dispersal theories sug- 
gests an alternative approach: rather 
than attempt to guarantee immunity to 
hazard by restriction of access to a huge 
exclusion area, it appears better to 
accept some degree of hazard strictly 


limited in magnitude. This approach 


has many precedents and is likely to be 
of much less harm to society than wide- 
spread restriction of the use of land. 


Nature of Risk 


The hazards of concern are those 
associated with dispersal of part of a 
reactor’s contents in the form of an air- 
borne cloud. They can be grouped 
under four major headings: 

(a) Penetrating radiation from the 
passing cloud 

(b) Entry of radiotoxins into the 
body with the inhaled air 
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(c) Penetrating radiation from de- 
posits on the surface of the earth affect- 
ing those in the contaminated area 

(d) Ingestion of radioactive deposits 
thr-ugh the food chain 

Three degrees of danger can be used 
to define zones of public concern (1): 

A lethal zone associated predomi- 
nantly with (a) and definable in terms 
of a cloud dosage of 400 curie-sec/m®* 
(m = meter); 

An injury 
(b) and (e) 
cloud dosage of 10 curie-sec 
fallout concentration of 0.05 curie/m?; 

A nuisance zone due to (d), set by a 
fallout contamination of 10-* curie/m?. 
(Activities are measured in terms of 
standard fission products from long- 
irradiated fuel, 24 hr after irradiation.) 


zone arising from effects 


and defined either by a 


m’ or by a 


The maximum area that can be con- 
taminated in a disaster can be com- 
puted in a straightforward manner by 
dividing the amount of released fission 
products by the tolerance level. Fora 
basis of comparison we have made a 
study of a standard disaster using vari- 
ous theories and methods (2). 

The consequence of the release of 
one megawatt-equivalent of long-ir- 
radiated reactor fuel as airborne mate- 
rial in the form of an 
puff or cloud is examined. (A 
watt-equivalent is defined as the fission 
products in equilibrium with fuel pro- 
ducing 1 Mw of heat after 100-day ir- 
This is 


is assumed there 


instantaneous 


mega- 


radiation and 24-hr decay. 
8 X 10° curies.) It 
are no buoyancy effects and the cloud 
remains on the surface of the earth. 


Area Contamination 


The area of 
postulated disaster increases much less 


actual hazard in any 
apidly with unfavorable meteorologi- 
cal conditions than the area of the cir- 
cle marked out by the limit of range. 
While the area in jeopardy of contami- 
nation to 0.05 curie/m? 
monly occurring inversion conditions 
can be thousands of 
the area actually contaminated cannot 
be more than 8 X 105/0.05 m? or 6.2 
square miles under any conditions. 
Allowing for contaminated 
more and less than 0.05 curie/m? the 
maximum the 
contour is considerably reduced and 


under com- 


square miles, 


areas 


area of 0.05-curie/m? 
has been shown to be of the order of 
0.4 square mile (3). Similarly the 
area of the 10-curie-sec/m* contour for 
breathing hazard is shown to range 
from 0.08 to 0.64 square miles as condi- 
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Accept a Limited Hazard?—Pros and Cons 


Eprror’s Nore: Jn view of the controversial nature of the present article, NUCLEONICS 


submitted it for comment to a reactor-safety man of different views from the author’s. 


His comments and the author’s answers were not originally planned for publication, 


but we have prevailed upon them to permit it. 


COMMENT: While I agree that ‘‘public 
acceptance of a small but real hazard’”’ 
is necessary, | think the author’s sug- 
gestion to design into the plant a defi- 
nite ‘‘maximum acceptable escape’’ of 
fission products may be dangerous. 
U. S. philosophy is that if one designs 
for no escape, with multiple lines of 
defense, one is still not sure because of 
lack of experience. 


ANSWER: My intention was not to 
suggest that one should design for limited 
escape when complete retention is feasi- 
ble. 
more apparent than real. 


The poinj raised here is, I believe, 


The design problem as I see it is not 
so much concerned with disasters occur- 
ring from completely unforeseeable causes 
as with fairly well defined classes of acci- 
lents, the nature of which can be fore- 
cast with considerable confidence. It is 
agreed that when a potential cause of 
accident is noted, it should, when possi- 
ble, be designed out of the system. How- 
ever, in developing devices in new fields, 
one is always entering areas where knowl- 
edge is inadequate. 

The efficient production of an aerosol 
cloud requires very definite conditions. 
These generally cannot be achieved in 
most types of reactors for any foreseeable 


disaster process. 


Even assuming the principle is ac- 
ceptable, | think the author’s sug- 
gested limits are too high (not suffi- 
ciently conservative). 


I accept that the opinion is a 
that 
is a valid case for changing mine. 


per- 
there 
How- 
ever, I feel decisions in this matter are 
in the field of public policy or politics. 


missible one but do not see 


The author presents his LEasic health- 
physics and meteorological assump- 
tions (page 73) very briefly and without 
adequate explanation or justification. 
I think they should be reviewed by a 
biologist. 


With the 
assumptions, the original report (2) dealt 


regard to meteorological 
with this in much greater detail and was 
kindly commented on by senior research 
officers of both the British and the 
United States weather bureaus. Only 
minor suggestions were made by them, 
and these were in large part incorporated. 


Comments and answers follow.) 


The biological assumptions are based 
Marley 
paper (J) and prior classified work by 


largely on and Fry’s Geneva 
The hazard zone limits 
with U. K. 


Ma rley’s group. 
the 


civil-defense recommendations. 


are in main consistent 


The statement that the “lethal 
zone’’ is associated primarily with 
“penetrating radiation from the pass~ 
ing cloud’’ is wrong. The lethal zone 
is probably associated predominantly 
with “entry of radiotoxins into the 
body with inhaled air.”’ 


I cannot agree, at least in the sense 
that by lethality we refer to immediate 
the 


few 


deaths (within 6 months). In 


inhalation zone there may be a 
scattered deaths due to cancer, etc., after 
about 10 years but in general lethality 
by simple controls 


can be prevented 


(stay-in, evacuation, etc.). 


The author dismisses much too 
lightly the possibility of release greater 
than 1Mw. From other studies it ap- 
pears this could be exceeded by two 
orders of magnitude. 


The minimization of the likelihood of 
putting any large fraction of the reactor 
contents into an aerosol cloud traveling 
at surface level is based on a great many 
years’ experience in aerosol studies. 


The author’s final numbers (2) repre- 
senting death and injury are certainly 
low compared with other studies, and 
even appear low by about an order of 
magnitude in relation to areas of 
breathing hazard and lethal fallout 
given in this paper. 


Although I 
low beside many published, the differ- 
marked if 


comparison are considered. 


agree my figures appear 


ences are not conditions of 

The reference to my own figures fails 
to take into account such evacuation as 
could reasonably be expected to take 
place with any kind of civil-defense 
organization or action by police or other 
public bodies. The essential point of 
the paper is not to set particular figures 
for permissible escape. Rather it 
suggest that if a reactor has been de- 
signed satisfactorily from this point of 
within 


is to 


view, it can be placed, wide 


limits, wherever it is most convenient. 
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tions vary from adiabatic lapse to 


moderate inversion. 


[The area within which injury or 
appreciable damage is likely to occur 
appears to be ~0.8 square miles per 
Corresponding 
areas are found to be of the order 


egawatt escape. 
lethal 
f 0.0004 square miles per megawatt 
cloud and 0.002 

‘rr megawatt from fallout in the 


passage 


square 


Exclusion Distances 


The calculation of the range of an 
airborne hazard is ultimately depend- 
ent on the basic atmospheric-diffusion 
The 


predictions are critically dependent on 


theory developed by Sutton (4). 


the diffusion parameters postulated, in 
particular the temperature gradient. 
As a result the validity and effect of 
any assumed ‘‘standard diffusion con- 
ditions” must be carefully examined. 
Let us consider the results of assuming 
a variety of standard conditions, in 
particular temperature inversions. 
The range of lethal effects is small 
can be passed over as insignificant 
There is 
me scatter among the various calcu- 
lations but this is largely due to diffi- 


setting exclusion areas. 


culties in handling all the physical con- 
siderations rather than to meteorology. 

The injury zone for inhalation de- 
fined by a cloud dosage of 10 curie- 
is calculated to extend to 1.06 


miles for our standard disaster under 


sec/m 


Harwell’s standard meteorological con- 
ditions (adiabatic lapse and 5-m/sec 
wind speed). 

Possibly the most detailed data on 
normal meteorological conditions are 
available for Oak Ridge (4), where 
adiabatic lapse, moderate inversion 
and strong inversion lead to predicted 
distances of extent for this hazard of 
1.0, 6.9 and 50 miles, respectively. 
Chalk River estimates of likely mete- 
orological conditions give ranges of 
1.7-23 miles and Ann Arbor estimates, 
0.45 

The injury zone for external radia- 
tion from fallout defined by a fallout 
density of 0.05 curie/m? comes to 
1.4 miles based on Harwell standard 
data. For moderate and strong inver- 
the distances become 3.2 and 
8.2 miles. Harwell workers give a 

calculation for fallout in 
steady rain, increasing the distance to 
3.2 miles under adiabatic conditions. 
However, an equally valid expression 
for fallout in sudden showers given by 
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12 miles (4). 


sions 


modified 


Holland (6) could increase the maxi- 
mum extent of the 0.05-curie/m? zone 
to 35 miles in adiabatic conditions and 
120 miles in inversions. 

The nuisance zone or the limit of 
major agricultural restrictions is taken 
Marley and Fry 
give the corresponding distance as 
11.3 (1). The distance under 
moderate stability conditions is 22 
miles, and the recommended value for 
a light rain (< 1 mm/hr) is 31 miles. 

Holland’s formula for deposition by 
showers gives 325 miles for neutral 
conditions and 720 miles for a moder- 
ate inversion. 


Probable Weather 

Since such a wide range of predicted 
distances for extent of hazard appears 
from assuming a variety of meteoro- 
logical conditions, it is necessary to 
consider the likelihood of the various 
conditions. Undue emphasis has been 
placed on the standard adiabatic con- 


to be 10-* curie/m?. 


miles 


dition largely because it is best suited 
to both experimental and theoretical 
study. In represents a 
transition between day and night con- 
ditions, and near-adiabatic conditions 
persist only as a steady state with 
heavy cloud cover and marked winds. 
In contrast, inversion conditions occur 
nearly 50% of the time at most 
places. 

Considering the prevalence of inver- 
sion states it is apparent that the limit 
of range of the damage zone under com- 
monly occurring conditions will be an 
order of magnitude greater than pre- 
dicted on the Harwell standard condi- 
Under unusual conditions even 
must be anticipated. 


general, it 


tions. 
greater travel 
The original exclusion-area concept can 
have useful meaning only in terms of 
this damage zone. 


Alternative Approach 


The distance to which hazard can 
extend is critically dependent on mete- 
orological conditions and can reach 
excessive values for commonly occur- 
ring weather situations. Yet the total 
hazard produced is definitely limited. 

The maximum acceptable hazard 
should be reached by balancing its 
cost and likely frequency against the 
service provided by the reactor. This 
approach has many precedents and is 
likely to be of much less harm to 
society than widespread restriction of 
the use of land. 

Public acceptance of a small but real 


hazard should not be too difficult if 
every reasonable effort is made to mini- 
mize it by conservative design and an 
honest appraisal of risk. The choice 
of 1-Mw serves as a realis- 
tic starting point. The consequences 
(0.0004 square miles of unavoidable 
lethality and 0.8 square miles of dam- 
age) are not too different from the 
hazard to persons dwelling on the site 
of a major aircraft crash. It is to be 
hoped that reactor disaster would be 
at most one tenth as frequent. 

It is very doubtful that many types 
of reactors the 1,000-Mw 
range can achieve more than 1 Mw as 
airborne activity close to the ground. 
To disperse more than 1 Mw as an 
airborne cloud would normally require 


escape 


even in 


such heat as to lead to widespread dis- 
persal of the cloud itself, beyond the 
range where the more serious concen- 
trations could be achieved. A disaster 
design figure of 0.1-1.0-Mw 
should therefore be quite practical for 
most reactors and attainable with some 
attention to design and containment 
for the most dangerous types. 


release 


Risk Policy 

The final choice of acceptable hazard 
limits is of course a policy decision at 
the highest level. However, the fol- 
lowing figures are suggested as a basis 
for consideration 


Maximum acceptable 

escape (Mw) 
Reactor type Builtup Unsettled 
1,000-Mw(e) power 1 10 
100-Mw(e) power 0.1 1 
Experimental 0.1 


It is important to retain a sense of 


proportion and realize that any possible 
reactor disaster lies well within the 
range of hazards to which the public 
is normally exposed. 
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Sensitive Measurement of Pulse-Amplifier Gain 


By K. A. McCOLLOM, D. R. deBOISBLANC and J. B. THOMPSON 


Phillips Petroleun 


Co 


Determining the long-term 
stability of pulse amplifiers for nuclear 
counters has been 


amplifier designer for some time. 


gain 
a problem for the 
This 
need has led us to design an amplifier 


comparator that not only checks gain 
stability to within 0.01% but also can 


Input pulses 

Test—channel pulse attenuated 
Test-channel pulse amplified through test 
amplifier 


Reference ond test pulses combined 


Fixed amount subtracted by discriminator 


Remainder amplified in expander amplifier 


Reference and test pulses seporoted 


FIG. 2. Wave forms demonstrate action of different sections of circuit. 


, Idaho Fall 


s, Idaho 


be used for other purposes such as to 
compare the amplitude stability of two 
pulse generators to within 0.02%. 

The 
stability 
pulses 


the 


determines gain 
amplified 


pulses from 


comparator 
by comparing 
attenuated 


Both pulse trains 


with 


Same source. 


Reference channel test channel 


eo | Serre § 
» igen 
Ae iy 


Out- 


put recorder indicates difference between pulse heights in two channels 


pass through a threshold device that 
subtracts the same voltage from each 
the 
The result is a very precise measure- 


pulse and amplifies remainder. 
ment of gain stability requiring only 
that the characteristics of a passive 
attenuator network remain constant. 
By the use of this technique and 
suitable feedback control, an amplifier 
having extremely high pulse gain sta- 


bility becomes possible. 


Gain Measurement 

Most linear-pulse-amplifier designs 
in common use today are more than 
At the time they were 
not suffi- 


five years old. 
conceived, detectors were 
ciently refined to require a gain stability 
of better than 0.1%. However, at the 
present time such a gain stability is in- 
sufficient for certain applications. 

The immediate problem encountered 
is how to measure the gain accurately. 
The very nature of gain instabilities 
causes trouble in a device designed to 
measure them. The carefully designed 
amplifier has already used such design 
techniques as negative feedback and 
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temperature control to get the sta- 
bility that can now be made available. 
To measure gain reliably and speed- 
one should eliminate vacuum tubes 
part that affects the gain 
They are the 
elements that cause instability. 


irom any 


measurement. active 


Comparator Circuit 
\ block diagram of the comparator is 


A pulser performs 
providing an input 


shown in Fig. 1. 
three functions: 
pulse to the amplifier, a reference pulse 
around it and a signal to actuate a 
mercury relay that channels the pulses 
to their appropriate destinations. A 
divider produces half the frequency of 
the pulser for operation of the mercury 


switch 


The switch then sends alter- 
iate pulses into the test-amplifier chan- 
nel and every other pulse into the 
channel. After the pulses 
have passed the amplifier, they are in- 
a simple adding circuit. 


reterence 
serted into 
From this point they are operated on 
by the same units wherein vacuum- 
fluctuations do not disturb the 
comparative results since they have 


the same effect on pulses from both 


tu de 


} 
chann iS 


In a more recent version a delay line 
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has been used to make two versions 
of the same pulse. These are com- 
pared instead of alternate pulses. 
From the adding circuit the pulses 
pas. through a standard pulse-ampli- 
tude discriminator that subtracts the 
same amount from each pulse. This 
discriminator is adjusted so that some 
small portion of the pulses, say 5%, 
is left the discriminator. 
These pulses are then amplified in an 
expander The remaining 
pulses are again divided into their 
separate channels by a second pole on 
the synchronously operated relay. 
Any changes in their height are then 
detected by peak-reading voltmeters in 
each channel. The output recorder 
takes the difference in the two readings. 
A change of 10.0% in the height of the 
pulse beyond the discriminator then 


beyond 


amplifier. 


corresponds to 0.5% change in the 
height of the original pulse. 

The waveforms for various stages in 
the two channels can be seen in Fig. 2. 
As the pulses progress from top to bot- 
tom they are handled first in two chan- 
nels, then in a common channel, then 
in two channels, and again in one chan- 
nel. 
gram is shown in Fig. 3. 


The complete basic circuit dia- 














“Balancing jacks 
Vocuum-tube voltmeters 


Complete circuit diagram includes divider that operates channel-switching relay and alternative input for comparing two pulsers 


Accuracy 
Equations describing the behavior of 
the comparator are as follows 


(P — D)Acxp — (PAastAamp — D)Aexp 
= AV (1) 
AczpP(1 — AssAsws) = AV (2) 


Here A, is the attenuation of the pas- 
sive attenuator, A... is the amplifi- 
cation of the test amplifier, A,,, is the 
amplification of the expander ampli- 
fier, P is the pulser amplitude, and AV 
is the comparator output, which is 
proportional to amplifier-gain change. 

The first portion of Eq. 1 corresponds 
to the reference channel and the second 
corresponds to the attenuation-ampli- 
fication channel. 

An important fact is that the setting 
of the discriminator does not enter into 
the value of AV. Thus, the long-term 
stability of the discriminator is not 
at all important to the accuracy of 
the measurement. Short-term  sta- 
bility might affect the measurement if 
the time constant of the peak-reading 
voltmeter were of the same order of 
magnitude as the instability in the 
discriminator. 

If the discriminator were not used 
ahead of the expander amplifier, the 
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duces heat, assures longer life. 
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counting detectors. Equipped to drive 
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accuracy requirements on the two peak- 
reading vacuum-tube voltmeters would 
be almost impossible. For instance, if 
the voltmeters at the end were required 
to read the differential between 516.33 
and 515.00 instead of the difference be- 
tween 16.33 and 15.00 the requirements 
stiff. Subtracting a 


fixed quantity from both pulses in the 


would be very 
same discriminator ahead of the ex- 
pander amplifier relaxes the voltmeter- 
stability requirement from 0.002% to 
about 0.1% for gain-stability readings 
of 0.01%. 
dicate this. 

The final equation shows that the 
output voltage AV is proportional to 
both the pulse height and the gain of 


The equations do not in- 


the expander amplifier, as well as the 
difference between the two channels. 
Putting numbers into this equation 
shows with what accuracy these must 
be controlled to obtain the accuracy 
desired in the system. 

If the pulses from the two channels 
are exactly equal, change in either the 
expander-amplifier gain or the pulser 
amplitude cannot affect the output 
voltage since the term inside the paren- 
thesis is zero. However, as the term 
inside the parenthesis departs from 
equality, the effects of the other two 
factors enter. 

For example the change in AV from 
zero for a change in gain of 0.01% was 
calculated to be 0.05 volts when the 
pulser «mplitude was 51 volts and the 
expander-amplifier gain was 10, some 
usual values for these constants. It 
was determined that when the change 


Gain change (%) 


1.5 


in gain was 0.25% the comparable AV 
was 1.33 volts. 

The question was then posed as to 
how much the pulser amplitude or the 
expander-amplifier gain would have to 
vary when the amplifier gain has al- 
ready changed 0.25% to be equivalent 
to 0.01% 
The value of the pulser amplitude has 


change in amplifier gain. 


to vary from 51 to 53 volts or the gain 
of the expander amplifier has to vary 
from 10.0 to 10.4 in order to give an 
error of 0.01% in the amplifier-gain 
measurement under these conditions. 
Thus, a change of 4% in either one of 
these constants gives 0.01% error in 
the gain measurement, for these 
conditions. 

The only other source of error is the 
peak-reading vacuum-tube voltmeters. 
The two channels use halves of the 
same tubes for two stages, thus bal- 
drifts filament- 


voltage changes. 


due to 
The result is a very 
In a 16-hr check of 
alone 


ancing out 


stable voltmeter. 
the vacuum-tube voltmeters 
there was no detectable drift on a re- 
corder that could detect the equivalent 
of 0.003% amplifier-gain change. 

The stability of the entire system 
except for the attenuator was checked 
by eliminating the attenuator and test 
amplifier and allowing both channels 
to operate as the reference channel 
does. The results show that the sta- 
bility of the system including pulser, 
expander amplifier, discriminator and 
varied 
This is not 


vacuum-tube voltmeters less 
than 0.02% in two hours. 
the ultimate that can be had in sta- 
As was pointed out above, the 


pulser 


bility. 
expander amplifier and the 


amplitude are probably the cause of the 


! 05 


Time (hr) 


FIG. 4. Test result shows long-term gain stability of Al amplifier 
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When you’re looking 
for something special 


The atomic structure of a special steel has a great deal 
to do with its specific properties in service .. . how 
well one steel will meet the need for high strength 
and heat resistance in a jet plane for example . 
how completely other steels will supply corrosion 
resistance, wear resistance, improved magnetic prop- 
erties, or other desired qualities. 


oe. 


That's why our development of special steels, and 
such special-property metals as titanium and zir- 
conium, starts at the atom. But it continues with the 
equally important jot of supplying you with your 
required material in every shape, form, size or quantity 
needed to take the brakes off your design and pro- 
duction plans. 

Think of Allegheny Ludlum first—both for any new 
development you may need, and for top quality in 
your steady-running supply of stainless, tool or 
electrical steels. Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. 


Y’ALLEGHENY LUDLUM 


AL PIONEERING on the Horizons of Steel 


® 


Warehouse stocks carried by all Ryerson stee! plants 


Stainless and high-temperature, electrical and tool steels; magnetic materials and sintered carbides 
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planning 
a reactor... 
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control problems. Leeds & Northrup 
engineering teams provide un- 
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Kernenergie, Hamburg, Germany 


In addition, 26 other advanced 
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pleted, or are being instrumented, 
by L&N engineering teams. They 
are ready to apply their experience 
to your reactor instrumentation pro- 
gram. For full details request 
Folder ND46-70-700(1) The 
Leeds & Northrup Company, 4936 


Stenton Avenue. Phila. 44, Penna. 
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drift and improvements can be made 
here. For this sensitivity, however, it 


is all the stability required. 


Amplifier Tests 
The Fig. 4 


typical test result showing gain changes 


record shown in is a 


inan Al amplifier. The testing of such 
the 
which this instrument was designed. 


amplifiers is main purpose for 
It is possible to push the sensitivity 
well beyond that shown here, which is 
1% full but this 


amplifier required this setting. 


scale, particular 


This record shows that over a 2-hr 


gain of this 
The amplifier output 
It should be pointed 
out that in a record like this occasional 
large excursions can be caused by line 


period the 
drifted 0.5%. 
15 volts. 


amplifier 
was 
noise coupled into one channel and not 


the other. 
much more susceptible to line-noise 


The amplifier channel is 


The two channels are used 
with a pulser working into each. The 
amount of drift indicates that the worst 
pulser can have no more than that 
drift. 


parison. 


Ultrastable Amplifier 

The obvious next step after measur- 
ing gain stability is to use that infor- 
mation to make an ultrastable ampli- 
fier. A voltage proportional to the 
amplifier drift in gain can be used as a 
feedback signal to stabilize the gain. 
This requires that periodically a known 
pulse the 
amplifier and through a reference chan- 
The resulting 
signal is then fed back to a variable- 
The pulse must 


voltage be sent through 


nel and compared. 
gain amplifier stage. 
not interfere to any great extent with 
the normal operations of the amplifier 
but must happen often enough to fol- 
In addition, the 
normal amplifier signals must not in- 


low gain changes. 


terfere with the pulse-signal indication 
for determination of gain stability. 


ae 
Pulser | 
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ieee a 
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FIG. 5. 


signal that corrects any drift in gain 


pickup because of its system gain than 
is the ‘other channel. 
early stages of the amplifier of course 


Pickup in the 


would be amplified along with the 
generator pulse and therefore would 
interfere. 


Pulser Tests 


The system can also be used to com- 
The 


result is not an absolute measurement 


pare pulser amplitude stability. 


on a given pulser, but it is a figure of 
amplitude drift, which is a combination 
of the stability of the two pulsers 
necessary to make this type of com- 


Ultrastable’pulse amplifier uses gain measurement to provide feedback 


Such a system is shown in Fig. 5. 
Instead of the switch 
system, a delay line is used to separate 


comparator 


the same pulse for the two channels. 
This is an improvement since a single 
used instead of succeeding 
pulses. The most important contri- 
bution, however, is the removal of the 
switches from the input in normal 
operation. The ultra- 
stable amplifier with at least the pros- 
pect of 0.01% gain stability at the 
As re- 
finements are made it is probable that 


pulse is 


result is an 


present stage of development. 


a better gain stability can be obtained. 
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the difference in the 
CRL system 


The “sense of feel’, the versatility, the uncompromising 
workmanship . . . all are found in every CRL Manipulator. 
Research and production organizations all over the world 
are using these units for handling radioactive materials, ex- 
plosives, and hazardous chemical and biological materials. 
Natural motions of the operator’s hands are copied exactly 
at the slave end. The “sense of feel” helps the new operator 
to become perfectly competent with practically no train- 
ing period. Handles are adjustable to comfortably fit a wide 


: ‘ 
range of hand sizes. 2 1p P 


1. Cranes and hoists For moving 


























CRL Model 8 
for thru-wall installation 


A general purpose manipulator for 

installations requiring intermed- 

iate to high level shielding, the 

Model 8 features 

e@ Accurate “sense of touch” Low 
friction forces . . . low back- 
lash . . . low inertia 

@ Greater versatility A variety of 
tools, tongs and locking motions 
available 

e@ Easier sight control Operator 
need not step back to bring 
materials to barrier window 


e@ Ease of relocation Can be with- 
drawn and moved by one man 
in five minutes with a light crane 
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CRL 
Model 4 


for over-wall 
installation 

A general purpose 
manipulator for 
installation over a 
barrier wall or through 
a ceiling opening of 

a protective 

enclosure. 


CRL 
Model 7 


for restricted space 
installation 


A space conserving, 
light weight 
manipulator for use in 
hoods or over thin 
walls where minimum 
clearances and easy 

: portability are 
important factors. 


central research manipulators 
from basic Argonne National Laboratory design 


write today for complete information to: 


Cinta Kesuch 


iaboratories, inc. 
Red Wing, Minnesota 
Dept. 102 


heavy loads in hot ceili areas 
by remote control. They are 
specially designed by CR for 
use with CRL manipulators, 


Flexible booting Protects slave 
end from dust and contamina- 
tion. Restricted gas-flow seal 
possible. Won't interfere with 
manipulaior’s natural move- 
ments. 


Special-purpose tongs For repe- 
titive or highly specialized 
operations. Wide selection of 
types to meet all requirements. 


accessories 
for master-slave 
manipulators 


Load hook Available for CRL 
Model 8; may be remotely at- 
tached or removed. Permits a 
vertical lift of 60 lbs. 


Motion lacks Permit objects to 
be rigidly positioned in space. 
Locking grip standard on all 
models. Locks for all other mo- 
tions available as accessories. 














Beta-Excited X-Ray Sources for 


Scintillation-Spectrometry Calibration 


By JAMES G. KEREIAKES, G. R. KRAFT, ©. E. WEIR and A. T. KREBS 


Radiobiology Department 


U. S. Army Medical Research Laboratory 


Fort Knox, Kentucky 


Low-energy gamma sources and beta- 
excited X-ray sources are finding con- 
siderable application in clinical (1/—/2) 
and industrial radiography (1, 13, 14), 
scintillation photometry (15), research 
(1), thickness gaging (16), etc. Thess 
uses have necessitated a better knowl- 
edge of the emitted radiation spectrum 
of these sources by scintillation-spec- 
trometer methods. 

The gamma and X-ray sources avail- 
able for calibration of the low-energy 
spectrometer range (0-100 kev) are not 
numerous. The half-lives of 
tion sources such as thulium-170 


ealibra- 
129- 
day half-life) and xenon-133 (5.3-day 
half-life) are relatively short. In addi- 
tion their gamma energies are 
thus requiring the use of several] sources 
An approach 


fixed, 


for a good calibration 
to the problem would be the use of the 
characteristic X-radiation excited by a 
beta emitter in 
Here again some difficulty may 


pure various target 
foils. 
remain in obtaining a sufficient number 
of materials in foil form to prov ide an 
extensive calibration. 

This report presents a study on the 
use of various target materials in th 
form of metallic foils, fre 
compound salts as 
excited X-radiation for 
range (0-100 kev) calibration in gamma 


elements or 
beta- 


sources of 


low-energy- 
scintillation spectrometry 


Experimental 


Two beta-emitting sources (thallium- 
204 and strontium-90—yttrium-90) were 
used in this study. The Tl? (4-year 
half-life) was in the form of TINO; in 
HNO; solution and of 
The solution 
Lucite planchet and covered by a very 
thin film of Mylar. The radiation 
emitted by this source is a 0.765-Mev 
beta ray produced in the decay to 
stable Pb? and a A-capture process 
(10, 17). 


80 


l-uc strength. 


was evaporated on a 


The other source was a Sr®-Y® com- 
plex. Since no counting-source 
strengths of this isotope were on hand 
at the time of this study, this source 
was in the form of a Tracerlab Medical 
Applicator RA-25 with 5-mm active 
diameter and encapsulated in a protec- 
tive cover of 2-mil stainless steel and 
10-mil aluminum. The emitted radi- 
ation consists of the 0.537-Mev betas 
resulting from the decay of Sr® to Y% 
and 2.18-Mev betas produced in the 
decay of Y* to stable zirconium. The 
beta particles emitted from this soure« 
have essentially the characteristic of a 
pure Y* spectrum passed through 100 
mg/cm? of filtration. The half-life of 
Sr is ~25 yr, that of Y%” 

The target materials are listed in the 
table. A of the salts 


were compressed into disks, 4 in. in 


~62 hr. 
small amount 


diameter and a few millimeters thick 





Counting Rote (Xx 10°cpm) 


i0 20 30 40 50 
Choracteristic X-Ray Peak Energy (kev) 











FIG. 1. Characteristic X-ray peaks 
produced in various target materials 
by thallium-204 betas 


These disks 


were then placed over the source. A 


for easier handling (18). 


Lucite absorber of sufficient thickness 
to stop any beta particles that might 
be transmitted through the disks was 
placed between the disk and the phos- 





Target Materials—Calculated Characteristic X-ray Energies 


Target material 


Foils 


Tantalum 
Tin 


Lead 
Salts 


Ammonium molybdate 
Barium chloride 
Cadmium chloride 
Palladium chloride 
Potassium bromide 
Silver chloride 

Sodium tungstate 
Thallous iodide 

Urany! nitrate 


Other 


Iodine (crystalline) 


Excited Kies @ 
X-ray A. U. 


2173 
4918 
1676 


7099 
3866 
5360 
5864 
0397 
5604 
2110 

722 


1287 


0.4347 
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Counting Rote (x!O° cpm) 
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Choracteristic X-Ray Peak Energy (kev) 














FIG. 2. Characteristic X-ray peaks 
produced in various materials by 
strontium-90—yttrium-90 betas 


phor detector. Collimating lead plates 
placed in front of the Sr®-Y® source re- 
duced the radiation intensity and pro- | 
vided a good statistical counting rate. | 


The phosphor detector was a NaI(T]) 


crystal, 144 in. in diameter and 1 in.!% 


thick, to which we added a 3-mil Al 
window. The output of this tube was | 
fed to a single-channel scintillation | 
spectrometer. Operation conditions | 
ided a channel analyzer window | 
ath of 0.25 volt and a photomulti- 
plier tube voltage of 1,000 volts. The | 
gnai-to-noise ratio for lower X-ray | 
nergies was 2,300/250 for Br and/| 
t,500/200 for Mo. | 


Results and Discussion 


The interaction of the source beta 
particles with the orbital electrons of | 
the target material produces character- | 
istic X-radiation of the target material. | 
Figures 1 and 2 show the characteristic | 
X-ray peaks excited in the various 
target materials by the T]®°* and Sr®- 
Y° beta particles. No attempt should | 
be made to correlate the peak intensi- 
ties, as various thicknesses of the foils | 
and the disks were used. 

The energy associated with the 
characteristic X-radiation produced by | 
our sources was calculated, using as the 
wavelength the average K, radiation 
for each material. The spectrometer 
pulse-height settings can then be 
plotted against the calculated X-ray 
peak energies. These data are shown 
in Fig. 3 and indicate the extensive | 
calibration of the low-energy spec-| 
trometer range possible by this tech- | 
nique. The departure from linearity | 
at the lower energies may be due to a| 
crystal effect (19), i.e., nonlinearity in | 
Nal response. Perhaps window thick- | 
ness (even though it is only 3-mil Al 
in our study) becomes a factor at ex- | 
tremely low energies. This phenome- | 
non requires further study. 

(Continued on p. 82.) | 


Vol. 16, No. 1 - January, 1958 


.-.in cloud and bubble chambers 


.-.in radiation detecting equipmen? 


»e.in gas discharge devices 


+». @S protective atmospheres for 
crystal growing 


Rare gases produced by LINDE are continuously analyzed by mass 
spectrometer, gas chromatography, and chemical and physical 
methods. These analytical checks assure you of the purest rare 
gases obtainable. 

LINDE argon, neon, helium, xenon and krypton are available 
in one- and two-liter glass bulbs, or in steel cylinders under pres- 
sure. Mixtures of gases are also available to your specifications. 
Prompt delivery is assured. 

For detailed data on the physical and electrical properties of 
LinbE Rare Gases, write Dept. NU-1. LinpE Company, Division of 
Union Carbide Corporation, 30 East 42nd Street, New York 17, 
N. Y. Offices in other principal cities. Jn Canada: Linde Company, 
Division of Union Carbide Canada Limited. 


The terms “Linde” 
and “Union Carbide” 
are registered 
trade-marks of Union 


TRADE-MARK Carbide Corporation. 
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-My eyes! My face! 


Provide instant 

relief with... HAWS 
EMERGENCY EYE and 
FACE WASH FOUNTAINS 


Eye and face hazards are inevitable in 
industry ...so take positive steps to reduce the 
extent of injury and minimize insurance claims. 
HAWS Emergency Eye and Face Wash ' Fountains 
flood contaminated areas with water — instantly 
ridding face and eyes of caustics, chemicals and dan- 
gerous particles. This instant relief may well pre- 
vent permanent damage — bridging the gap until 
medical aid arrives. Install extra safety —HAWS 
Emergency Fountains and Drench Showers. 


Write today for detailed infor- 
mation on the complete HAWS 
line of emergency facilities. HAWS 
DRINKING FAUCET COMPANY, 1443 
Fourth Street, Berkeley 10, Calif 


Model 8933 
Face spray ring acts simultaneously 
with eye-wash, sending controlled 
streams of water from specially de 
signed twin fountain heads 


During the past 6 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 
STABILITY: ..... ..2 1 mv, day-to-day. 
SENSITIVITY:. ... 0.03 uua full-scale reading @ max. 
RANGES: .... 0-30, 0-100, 0-300, 0-1000 mv. 
Internal, switch-controlled, 10°, 10”, 10” ohm resistors. 
. Operates with 1 ma or 100 mv recorder. 
= 110/120 or 200/250 v, 40/60 cps, 40 w. 
WEIGHT: ...........Only 29 Ibs., complete with cables. 


Write TODAY for data on EKCO’s complete line of nucleonic test equipment 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. © Dept. N1 
U. S. SALES & SERVICE for 
EKCO ELECTRONICS, LTD., Essex, England 
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FIG. 3. Calibration curve for low- 
energy range of scintillation spectrom- 
eter using characteristic X-ray peaks 
produced by TI*"* and Sr®-Y¥*% betas 


BIBLIOGRAPHY 


R. West Low-energy gamma sources for 
industry, medicine, and research, NUCLEONICS 
11, No. 2, 20 (1953 

H. D. Spangenberg. Production of roentgen- 
ograms by means of X-ray radiation from 
artificially radioactive isotopes, Ohio State 
University Eng. Exper. Station News 20, 
No. 5 (1948) 

W. V. Mayneord. Some applications of nu- 
clear physics to medicine, Brit. J. Radiol. 
Suppl. No. 2, 44, 191 (1950) 

G. E. Dennis, H. A. DeLuca. The use of 
radioactive isotopes for diagnostic radiology, 
Am. J. Roentgenol. 72, No. 4, 661 (1954) 

S. Untermyer, F. H. Spedding, A. H. Daane, 
J. E. Powell, R. J. Hasterlik Portable 
thulium X-ray unit, NucLeontics 12, No. 5, 
35 (1954 

A. W. Carpenter, R. R. Heer, L. H. Krohn, 
E. W. Coleman, F. J. Boyer. Preliminary 
report on a complete portable field X-ray 
unit, AMRL Report No. 168, Ft. Knox, Ky. 
Nov. 26, 1954 

Ww V Mayneord Radiography of the 
human body with radioactive isotopes, 
Lancet 1, 276 (1952 

J. G. Kereiakes, A. T. Krebs X-radiog- 
raphy with beta-emitting isotopes, AMRL 
Report No. 173, Ft. Knox, Ky., Dee. 20, 
1954 

4. T. Krebs, J. G. Kereiakes. Portable iso- 
topic radiographic units, Am. J. Roentgenol 
76, 168 (1956) 

J. G. Kereiakes, G. R. Kraft. Thallium-204 
beta-excited X-radiography, AMRL Report 
No. 251, Ft. Knox, Ky., July 16, 1956 

W. V. Mayneord Radiological research, 
Brit. J. Radiol. 37, 309 (1954) 

W. V. Mayneord, H. J. D. Ireland. Radiog- 
raphy with thulium-170 and xenon-133, Brit. 
J. Radiol. 29, 277 (1956 

J. G. Kereiakes, A. T. Krebs. Technical 
radiography with beta-emitting isotopes, 
AMRL Report No. 180, Ft. Knox, Ky., 
March 21, 1955 

J.C. Austin, P. Richards. Radiography as a 
hot-lab service, NucLEONICS 12, No. 11, 78 
1954) 

M. B. Leboeuf, D. G. Miller, R. E. Connally. 
Gamma scintillation photometry using radio- 
active sources, HW-30543 (1954) 

P. C. Aebersold, C. E. Crompton. Growth 
of radioisotope utilization in industry and 
engineering, presented at International Con- 
gress of Nuclear Engineering, Ann Arbor, 


> 


Michigan, June 25, 1954 


’. E. der Mateosian, A. Smith. A ecintillation 


spectrometer study of the decay of Tl, 
Phys. Rev. 88, 1186 (1952 
J. G. Kereiakes X-ray analysis of com- 
pressed KCl powder crystals, Phys. Rev. 98, 
553 (1955) 

. Nuctgzontics 14, No. 4, 46 (1956) 


January, 1958 - NUCLEONICS 
































Up to 6” Penetration, 
Plus Capacity, Timing, for 
Plastics, Chemical Radiation 


Cross-fired 20 Mev ARCO linear ac- 
celerators such as the M.I.T.-Har- 
vard machine can irradiate, with elec- 
trons, materials of unit density up to 6 
inches thick. Twenty Mev x-rays, eff- 
ciently produced by ARCO linear ac- 
celerators at this energy, can treat ma- 
terials several times this thick. Since 
ARCO linear accelerators are also 
available at lower energies, they are 
well suited to treat a wide variety of 
products and to penetrate pressurized 
chemical reaction systems. 


From 1 to 60 Kilowatts 
ARCO’s exclusive klystron injection 
techniques* permit very high beam 
power to be achieved. Larger units can 
process tens of thousands of megarad- 
pounds per hour. As capacity rises, unit 
processing costs fall rapidly. Including 
amortization, products can be irradiat- 
ed for as low as 2 to 3 mills per mega- 
rad-pound. 


2-10 Mev 


4 kilowatt ARCO Mark 1-F4 Linear Ac- 


celerator will penetrate 1'/, inches from one side, 


provides electrons, x-rays and neutrons for re- 
seorct versatility 

The ARCO Mark 1-F4 Accelerator, 
designed for research and limited ra- 
diation processing, exemplifies ARCO 
techniques. The Mark 1-F4 delivers 4 
kilowatts of 6 Mev electrons; for re- 
search use, beam energy can be varied 
from 2 to 10 Mev. 


PPLIED 
ADIATION 


ORPORATION 


ARCO Building 20 Mev Linear Accelerator 
for M.LT.—Harvard Synchrotron 


A 20 Mev linear accelerator injector 
for the 6 Bev M.I.T.-Harvard syn- 
chrotron is now under construction by 
Applied Radiation Corporation. 

The new ARCO accelerator provides 5 
megawatts peak beam power, equalled 
by only a few accelerators in the world. 
It will allow the big M.I.T.-Har- 
vard electron synchrotron to provide 
beam currents at an energy 6 times 
higher than today possible. To achieve 
high beam trapping efficiency required 
for this level of operation, unusually 
precise control of beam energy and fre- 
quency is mandatory. 

ARCO’s exclusive waveguide design 
permits frequency control within less 
than + 0.1% at 2,855 MC. Over 0.21 
amperes beam current are within an 
energy interval of 2 Mev and have less 
than + 3 x 10° radians angular diver- 
gence. Except for these unusually de- 


manding requirements, the new ARCO 
accelerator is similar to other high en- 
ergy ARCO machines already sold for 
physics research. 

In common with other ARCO ma- 
chines, the M.I.T.-Harvard accelera- 
tor embodies a number of significant 
design innovations. All organic mate- 
rials are eliminated from the vacuum 
system, and the entire accelerator from 
electron gun to output beam analyzer 
is baked at 400° C. ARCO engineers 
have found it practical to attain operat- 
ing vacuuns better than 107 mm. Hg. 
without cold traps. 

Massachusetts Institute of Technology 
and Harvard scientists will use the syn- 
chrotron to study proton and anti-pro- 
ton pairs, strange new mesons and hy- 
perons, electron structure and for stud- 
ies involving pions, muons and higher 
energy nucleons. 





Available Now 

Unlike radioactive isotopes, ARCO 
linear accelerators are available today. 
Built to widely varying beam require- 
ments, ARCO accelerators are excel- 
lent for applications as diverse as steri- 
lizing surgical dressings, research in 
food preservation and large volume 
chemical processing. 

Applied Radiation Corporation special- 
izes in the development and manufac- 
ture of linear electron accelerators. 


Service Irradiation Centers at Walnut 
Creek, California, and soon at Rock- 
ford, Illinois, make linear accelerators 
available for experimental and limited 
commercial irradiations. Let us help 
you investigate radiation processing. 
Write for technical literature describ- 
ing Applied Radiation’s accelerators 
and service facilities. 


*ARCO accelerators are available with 
either separate or integral klystron injec- 
tion. 


High energy radiation for research and processing 





Walnut Creek, California, YEllowstone 5-2250 Cable “ARCO” 
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‘CRYSTALS... 
our 
only 
business 


ws SCINTEX BRAND Plastic 
Phosphor Scintillators 

ws Anthracene & Stilbene 
Single Scintillation Crystals 

s Alpha, Beta, and Fast 
Neutron Scintillation Detectors 
w Sodium lodide (TL) Crystals 
ms Lithium lodide (EU) Crystals 
= Cesium lodide (TL) Crystals 
w= Optical Crystals 

@ Special Crystals 

Grown To Order 


SCINTEX BRAND PLASTIC PHOS- 
PHORS are used in exacting research 
applications as well as in standard instru- 
mentation where stable, long-life per- 
formance characteristics are demanded 
at an economical cost. 


We unconditionally guarantee the perform- 
ance, workmanship and materials of our 
SCINTEX BRAND Plastic Phosphors for one 
year in normal usage. 


Write to Dept N-1 

for technical 

and price information 
CRYSTALS, /nc. 
123 Woodland Avenue 
Westwood, N. J. 


a subsidiary of Isotopes, Ine. 


'THERMONUCLEONICS 


ject of thermonuclear power 








Epitror’s NoTE: This new department in NUCLEONICS will be devoted to the vital new sub- 
While political and administrative aspects will not normally 


be covered, a series of recent developments seemed to merit a report in the first item 


Public confusion and uncertainty over the relative 
positions of the U. 8. and British fusion efforts may 


Reduced Secrecy 
for Fusion Work? 

have lead to a speeding up of declassification in this 
area. What happened was this: in spite of the fact that there has been close col- 
laboration between British and U. 8. researchers (see figure) British newspaper 
accounts said that results of the latest Harwell pinch-effect experiments (NU, Oct. 
’b7, p. 21) were being withheld because of a U.8.-imposed ‘“‘gag.”’ R.A. Butler, 
leader of the House of Commons, added fuel to the fire with this statement, vari- 
ously interpreted: ‘‘I have no reason to believe that we are not leading the world 
in the experiments we are making.” In spite of official statements emphasizing 
the close cooperation and deploring comparisons, doubts persisted. 


te 


CLOSE COLLABORATION—(left to right) P. C. Thoneman and R. S. Pease of Harwell 
confer with Lyman Spitzer, head of Princeton University’s Project Matterhorn during 
recent Sherwood meeting (NU, Nov. '57, p. 27) 


Finally there has come the announcement that both countries will publish ac- 
counts of their recent fusion work “‘as early in the new year as the papers can be 
made ready.” This apparently reflects a positive decision on proposals to lib- 
eralize classification that were up for Commission approval and promises freer 
discussion of the kind that has long been sought. 

Containing an ionized plasma at temperatures of 


100,000,000° C can only be done with strong mag- 
netic fields. Thus it is not surprising that work at 


Toward Megagauss 
Magnetic Fields * 


laboratories studying the control of thermonuclear reactions has included re- 
search on intense pulsed magnetic fields 

The fields are generated by discharging a bank of capacitors through a low- 
inductance high-current-capacity switch into magnetic circuits that range from 
single-turn coils to more complicated structures. Fields of over 1-million gauss 
can be generated for periods of a few microseconds. At these levels the energy 
density of the magnetic field compares with that of the most effective chemical 
explosives. The effects of such fields are correspondingly impressive: coil mate- 
rial is melted or caused to flow. Sometimes surprisingly clean incisions result 
from the ‘“‘magnetic-saw effect’? whereby a molten zone in the metal is propa- 
gated clear through as a result of the decreased viscosity and increased electrical 
resistivity of the zone. Coils can be designed so that the magnetic field is parallel 
to the current over much of their volume, thus eliminating some of these effects, 
but the fields thus produced are more costly in energy. 

The important implication of all this is that magnetic fields can exert forces 
greater than those that hold metals together, and this makes the concept of a 


magnetic bottle to contain plasmas a much more reasonable one. 


* Based on H. P. Furth, M. A. Levine, Rev. Sci. Instr. 28, 949 (1957 
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NUCLEAR ENGINEERING NOTES 


New Capture Gammo Every reactor physicist with any ambition at ali has 
Ray Measurements found his schemes frustrated more than once by the 
realization that there are whole groups of nuclear 
properties that have yet to be completely tied down by experiment. Capture- 
gamma-ray energies for the various nuclides are among these.* 

\ firm step forward in filling in our knowledge of capture gammas has been 
reported by R. W. Kenney and J. T. Mattinglyt from the University of Cali- 
fornia Radiation Laboratory, Livermore, California. Kenney and Mattingly 
have measured the prompt-gamma-ray spectrum from thermal-neutron capture 
in U*8*, Their experimental setup was sensitive to gamma-ray energies greater 
than 2 Mev. The results are summarized in the table. Three different prompt 
gamma energies were found, having a combined production cross section of 
1.6 barns. The difference between this and the total neutron capture cross sec- 
tion of 2.7 barns is attributed to unobserved prompt gammas below 2 Mev. 

Experimental arrangement. The general approach consisted of placing a 
moderately thin target of U?** metal in a beam of thermal neutrons and observing 
the gamma rays emitted by the target during the bombardment. The thermal 
neutron beam was supplied by the horizontal thermal column of the Livermore 
Water Boiler Neutron Source. 





238 


Prompt Gamma Rays from U 





Gamma energy (Mev) on,y (barns) 


4.0 0.1 
5.9 0.1 
7.5+0.2 

Total contribution 
Known total cross 
section 

Difference (unresolved 
gammas below 2 Mev) 





that the gamma rays 
were negligible. It 


The target consisted of uranium so highly depleted in U* 
resulting from neutron capture or fission in the residual U? 
was assumed that all observed gamma rays arose from the reaction U*** (n,y)U**. 
The detector was a conventional three-crystal scintillation pair spectrometer. 

\{ gamma photon was detected by observing a triple coincidence among the 
three crystals. This event indicated that the photon had created a pair in the 
center crystal, that the positron had then annihilated in that crystal, and finally 
that the two annihilation gamma photons were detected by the two side crystals. 
Under these conditions the pulse height from the center crystal is proportional to 
E = 1.02 Mev, assuming that both pair fragments stop in the center crystal without 
losing energy by radiation. Observations of the pulse-height spectrum were 
made both by time-exposure photographic technique and by electronic pulse- 
height analysis. The energy scale and the spectrometer absolute efficiency were 
determined by using the 4.4-Mev gamma ray emitted by a Po-Be source of known 
activity. 

The intensities of the three gamma lines were measured relative to the Cu® line 
7.7 Mev), which was also observed in the same geometry. Absolute cross sec- 
tions for the three lines were calculated both from the known Cu cross section 
and the measured absolute efficiency of the spectrometer. The agreement was 
satisiactory. 

The shape of the spectrum observed for the U*** (n,y)U*** reaction is typical 
of gamma spectra arising from thermal-neutron capture in heavy nuclei and cor- 
responds to Mittelman’s spectral class 2-b, 


| 1 summary of capture gamma rays see NUCLEONICS 13, No. 5, 50 (1955). 
R. W. Kenney and J, T. Mattingly, UCRL-4735 (1956). 
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available for 


LOW COST 

ACCURATE 
LEAK | 

DETECTION 


MAIL 
THIS 
COUPON 


sz", 


4 
| 
! 
! 
= 
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ic Company, Section A585-62, Schenec- 
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tady 5, N. Y., or call your nearest General Electric 
Apparatus Sales Office. 
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NUCLEAR ENGINEERING 


PWR 


Goes 


On 


Line 


December 18, 1957, is the historic date 
when electricity first flowed from PWR, 
the nation’s first large-scale nuclear 
central station, into the commercial 
grid of the Duquesne Light Co. After 
it went critical on Dec. 2 (NU, Dec 
"57, 17), only 16 days elapsed until the 
pioneer plant, 32 months abuilding, 





COMPLETED PWR PLANT at Shippingport, Pa., is on south bank of Ohio river 26 
air miles NW of Pittsburgh's Golden Triangle, opposite Midland, Pa. 


tem and began to increase the station’s 
output of current. By breakfast time 
PWR was producing 12,100 kw and 
before the day was over it was gen- 
erating 20,000 kw; full power—60,000 
kw—was reached on Dec. 23 at 11:10 
a.m. (see p. 17). 

When 
about 1960, the reactor will be able to 


the second core is installed 


The plant’s cost to date, according 
to latest authoritative figures, is made 
up of $55-million construction cost in- 
cluding $13-million for the first core 
(to this total Duquesne contributed 
$5-million and Westinghouse $500,000), 
plus $15-million for the turbogenerator 
end of the plant from Duquesne, and 
$40-50-million AEC research-develop- 


went to power. At 12:39 a.m. on the 
18th, Duquesne operators synchronized 
the generator with the company’s sys- 


GATHERED IN CONTROL room on historic occasion when PWR 
first went critical are offic'als and key employees of AEC, West- 
inghouse and Duquesne Light Co., who collaborated to build 
plant. Seated dead center (white shirt) is Rear Adm. H. G. 
Rickover of AEC, who supervised construction; standing behind 
his right shoulder (white shirt) is Joseph C. Rengel, project man- 
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run the turbogenerators at their maxi- 
mum output of 100,000 kw. 


ment funds, bringing the total to 


$110—120-million. 


ager for Westinghouse. To right of Rengel is John Gray, nu- 
clear superintendent for Duquesne; on Rengel’s left are Milton 
Shaw of the Commission; John Simpson, manager of West- 
inghouse's Bettis Labs, and Charles H. Weaver, Westinghouse 
vice-president for nuclear activities. Seated at reactor control 
(bottom right, white shirt) is H. C. Bixbe. 
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MANUFACTURED AND INSTALLED TO 
SUIT THE SPECIFIC REQUIREMENTS OF ... 


Atomic Energy 

Nuclear Industries 

Hot Laboratories 
Industrial X-Ray Rooms 
Biological Laboratories 


Stainless steel equipment of intricate design, fabricated 
to precise tolerances. Years of experience in the A, E. C. 
field enables us to meet your most rigid requirements .. . 


Other Products and Services available to the Nuclear field 


Radiation Absorbers Avutoclaves Reactor Consulting and Engineering Services 
Radiation Shielding Brick Shielded Containers Ferrous Metal Fabricators 
Nuclear Fuel Elements Fabricating and Refabricating Nuclear Fuel Equipment 
Nuclear Handling Fuel Element Equipment Exhaust Hoods Nuclear Hot Cells 
lon Exchange Equipment Test Loops Materials Testing Nuclear Reactors 
Nonferrous Metal Fabricators lead and Lead Alloys Power Nuclear Reactors 
Shield-Metal-Clad Plywood Radiation Processing Equipment X-Ray Screens 
Experimental Nuclear Reactors Research Nuclear Reactors Gas Scrubbers 
Radioisotope Safes Radiation Shielding Pressure Vessels 
Shielding Windows Radiation Consulting and Engineering Services 
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NUCLEONIC 


CORP. OF AMERICA , ‘ 
offers a COMPLETE Electrical Analog Solves 


LINE of Nuclear Instrumentation, 
Accessories, and Services. 


Reactor Design Problems 


Scaler- 

Ratemeter : 

RCR-2 Pro- a 

vides re- |@ ‘ By SHIGEO NAGAO 

search ac- oe ww Tohoku University, Sendai, Japan 

curacy for 

scientist, en- ” 

gineer, teacher and doctor, at % the 

COST, in % the SPACE. Never be 

fore . . . so much rugged instrument, 

at such low cost, in such a small, Reactor design invariably involves 

portable package. finding solutions to differential equa- 
, tions of the diffusion type, for example ise: electrode 

Portal Radiation the neutron diffusion equation, the 

Monitor 

GR-10 

For rapid, sensitive : 

personnel monitoring. || pens, especially for inhomogeneous 

Fits into a doorway. || reactors, that the geometry is too com- 

Separate alarms in- ; 

dicate radioactivity on 

the left or right side, || would like to describe a simple method 

head or feet, of per of using an electrical analog to find 

sons passing through 


dc or a-c voltage 


thermal conductivity equation, or the . 
’ . . . t 
Fermi age equation. It often hap- a 


plex to permit analytical solutions. I 








-Dielectric 


two-dimensional solutions of the above 
100 Channel “Sunvic” as equations for geometries of arbitrary 
Pulse Height Analyzer = = complexity. The analog surface is a 
We-ade: the enclave i resistive film that forms one plate of a 

U.S. distributor. Low wide parallel-plate condenser. An al- 

price includes unique 4 ternating voltage is fed in at appropri- 

servicing features: : aa = 
We spend 2 days set ate source points on the resistive film - 
ting up and instruct- causing a charging current to flow FIG. 1. Simple illustration of analog princi- 
fae = agen through the film. The voltage distri- ple. Propagation of voltage from upper 
vel) an ie rome electrode over resistive film surface is 
. prise : : RK : overned b ifferential tio I 
ing 90 day warranty analogous to the spatial distribution of aig y differential equati ns also 
eriod! r used in heat transfer and neutron diffusion 
P , the dependent variable. 


Lower electrode 


bution throughout the film is then 
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Film Badge Service, Scintillation 
Counters (alpha, beta, gamma, neu 
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: ; Circuitry. Saw-tooth generator must have provision for varying time constant of expo- 
Brooklyn 31 N.Y. nential wave form 
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Basic Principles 


A simple example will serve to illus- 
trate the basic principle of the analog. 
Consider a circular parallel-plate con- 
denser with a single axial voltage source 
as shown in Fig. 1. If a certain d-c 
voltage is applied at the origin of the 
r-§ polar-coordinate system, the voltage 
will propagate out radially along the 
film as the condenser system is charged 


lorque-ree leakproof 


* 


up by the radial flow of current through | 


the film resistance. The voltage V (r,t) 


and radial current J(r,t) at radius r and | 


easily 


time ¢ are obtained by solving the fol- | 


lowing differential equations 


Oo} I 1 al OV 
p — = —2rC'y : 
Or 2rr r Or at 
Here p is the surface resistivity and Co 
the capacity per unit area of the con- 
denser vy eliminating J between the 


two equations, we get 


(= r) av 
-< = — (1) 

Cop \ or? Y Or di 
which is mathematically the same as 
that for thermal conduction, for in- 
stance, in a source-free material with 
thermal conductivity xk = 1/Cop. It is 
physically obvious that in situations 
without azimuthal symmetry, Eq. 1 


} 


can be generalized to 


kV?V = ad (2) 
ot 

where VY? is the two-dimensional La- 
placian. Equation 2 is a two-dimen- 
sional time-dependent form of the 
diffusion equation that is often en- 
countered in heat transfer and reactor 
physics problems. If the time-depend- 


ent boundary conditions are known (as | 


represented by the input voltages on 
the film) then the analog solution is 


installed 


* 


engineered to 
meet the most 
exacting 
specifications 


* 


available in 

any machinable 

metal or plastic 
: bd . 


*e 


had by measuring the voltage distribu- 


tion on the film. 


Steady-State Diffusion 

P Of particular interest is the applica- 
tion to steady-state neutron diffusion. 
If we put V = ¢(r,0)y(b), then by the 


familiar method of separating variables | 


we substitute in Eq. 2 to obtain 


V+ -¥=0 

ot T 
Equation 3 is identical with the neutron 
diffusion equation which gives the 
steady-state spatial distribution of neu- 
tron flux in many reactor physics prob- 


lems. The solution of Eq. 4 is an 
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TUBE FITTINGS 


For information on the extensive line 

of Swagelok Tube Fittings that provide a true 
torque-free leakproof seal and the name 

of your Swagelok Specialist, write Dept. H1 


CRAWFORD FITTING COMPANY 
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MODEL PA-4...100 CHANNEL 


PULSE HEIGHT ANALYZER 


Magnetic core storage for versatile data handling, viewing 
and recording; amplitude-to-time conversion for uniform- 
ity and stability of channel widths; temporary input pulse 
storage for highest analysis rate with minimum counting 
loss — all three techniques have been combined in the PA-4 
to achieve a multi-channel analyzer having unsurpassed 
usefulness and adaptability. 














SPEED of ANALYSIS 


Block Time Counting 
per Pulse* | Loss 
7.2 usec 0.07% 
9.3 usec 0.92% 
5,000 pps 18.3 usec 8.4 % 
10,000 pps 25.8 usec 20.5 % 
*Average period of input blocking per ana- 
lyzed pulse assuming a symmetrical spectrum. 


PE Ms om 


Input Rate 


i pps 
1,000 pps 


Many auxiliary features provide maximum data 
control, complete readout flexibility, and ease 
of operation and maintenance. 


® Selectable storage from 99,999 to 1,048,575 
counts per channel @ Separate input with dis- 
criminator for coincidence gating. Gate width 
is adjustable from 3 to 20 usec, discriminator 
from 0 to 100 volts @ Both dynamic and static 
monitor scope display of complete spectrum 
® Programmed accumulating printer furnished 
as standard equipment @ Printer and plotter 
can record simultaneously ®@ Integral calibrator 
with linearity of 0.01% and attenuated outputs 
for amplifier calibration @ All channels valid 
and have equal widths @ Accurate counting loss 
meter @ Simplified control with one master op- 
eration switch © Complete memory test routines 
and marginal checking provisions ® Superior 
construction and appearance. 


The memory can easily 
be opened and operated 
while in extended slide 
position. Complete ac- 
cessibility to all circuits 
is effected through hinged 
center panel, side doors, 
and top chassis. 


oe as "ae 


& @*¢fsP Ras 


A factory engineer installs each instrument 
and gives thorough instruction in use. 


Represented by Atomic Associates, Inc.: 
Atlanta, Boston, Dallas, Los Angeles, 
New York, Philadelphia, Pittsburgh, 
San Francisco, Washington, D.C. 


Pacific Electro-Nuclear Co. 


11818 TEALE STREET, CULVER CITY, CALIFORNIA + Phone: EXmont 7-7000 | 


NUCLEAR ENGINEERING 


This article starts on p. 88 


|exponential with time constant —r. 
| Thus if a voltage signal with a saw- 
| tooth exponential wave form is applied 
along the appropriate boundaries on 
the analog film, the distribution of 
peak voltage over the film will corre- 
spond to the spatial distribution of the 
neutron flux. The value of the con- 
stant B (which might, for instance, be 
the buckling for a reactor core) can be 
selected by adjusting the value of r. 
For example, a 1-mm-thick glass plate 
with dielectric constant 10 and surface 
| resistivity 10° ohms corresponds to 


B = 1.05 X 10-%(r)-# 


Thus a whole range of B values can be 
covered by changing 7 from several 
| Seconds to a few microseconds, 

| Spatial variations in B caused by 
two-dimensional variations in material 
composition can be mocked up by 
piecing together dielectrics with differ- 
ent strengths or films with different 
resistivity as shown in Fig, 2. 

Figure 2 also indicates a possible 
instrumentation arrangement. Peak 
values of the voltage picked up by a 
needle electrode are measured by a 
voltage null method to avoid perturba- 
tions. Care should be taken to see 
that initial voltage transients have de- 
|cayed before measurements are begun. 
Recently I. Edamoto* has developed 

independently of the author a similar 
method for solving the torsion problem 
in a cylindrical body in which he used 
an electrolytic solution for the resistive 
film. 


*I, Edamoto, Techn. Rep. of Tohoku 
Univ., 21, 51 (1956) 
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How Channeling between Chunks Raises 


Neutron Transmission through Boral 


By WALTER R. BURRUS* 
Lockheed Aircraft Corp. 
V arietta, Georgia 


Boral is a mixture of boron carbide 
and aluminum encased between two 
thin layers of aluminum. Since boron 
carbide has a large B!°(n,a)Li’ cross 
section at thermal-neutron energies and 
the accompanying gamma ray is only 
0.42 Mev, boral is valuable for use in 
nuclear shields where a large thermal 
flux must be absorbed without the pro- 
duction of hard gammas. 

However, conventional calculations 
of the absorption of boral do not con- 
sider the channeling of neutrons 
through the spaces between the boron- 
carbide chunks. The results of a cal- 
culation for the transmission of }¢-in. 
and 14-in. boral that considers the 
channeling effect are in much better 
experimental data 
neglecting 


with 
calculations 


agreement 
than earlier 


channeling. 


Calculation 


The transmission of a slab consisting 
of randomly distributed chunks of 
average chord 1 (normally incident 
monoenergetic radiation) is given by 


T = (1 — VF)” 


where 7’ is fractional transmission, V is 
the volume fraction of the slab occupied 
by chunks, F is the average absorption 
of a single chunk, ¢ is the thickness of 
the slab, and 1 is the average chord of 
a chunk. 

The average transmission of one 
layer of the slab of thicknesslis1 — VF. 
Since the chunks are assumed to be 
randomly placed, adjacent layers are 
statistically independent, and the over- 
all transmission is the product of the 
transmission of t/l sublayers. 

If the chunks are nearly spherical (1) 


) 


(2rz)? 
¢(2rz)? 


— 1+ (1 + 2rd)e-**] 


Physics Depart- 
Columbus, 


ADDRESS: 
State University, 


* PRESENT 
Ohio 


ment 


Ohio. 
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TABLE 1—Size Distribution for ByC Chunks 





Average particle 


Mesh 


diameter (in.) 





0.038 
0.024 
0.016 
0.009 


20-30 
36-46 
60-70 
80-120 


Volume fraction 


0.0253 
0.0160 
0.0107 
0.0066 





where > is the linear attenuation coeffi- 
cient of chunk material and r is the 
radius of a sphere (or equivalent radius 
on the basis of volume). 

For a chunk of any shape without 
cavities a theorem due to Gauss states 
that the average chord / is given by 
l = 4v/s, where v is the volume of the 
chunk and sg is its total surface area. 
For a sphere this gives 1 = 44r. 


the transmission is 
T wx eWViF/L os eWVitZett, 


If VF <1, 
approximately 
From the equations for F and | we can 
verify that for the limits of opaque and 
almost transparent chunks 
F/l = 1/l if LZ >>1 and Ler 
> if <1. It should be noted that 
the effective linear attenuation coeffi- 
cient for opaque chunks is 1// and does 
not depend on = since all the trans- 





TABLE 2—Theoretical and Experimental 


Neutron Transmission through Boral * 





L 
Neutron 


Sample source Detector 


Current 7 
detector 
(Lil xtal 
Cd differ- 


ence) 


Collimated 
beam from 
ORNL 
graphite 
reactor 


1¢-in. Alcoa 
(two samples) 


14-in. Alcoa . - 5 


.0 X 10 


Channel- Conven- 


ing 


Experi- 


menta tional 


trans- calceu- caleu- 


mission lation lation Ref. 


9.6 X 10°? 3X107* 6 


+40% 


(preliminary 


value) 


0 X 10-3 


(preliminary 


Water 
thermal 


Thin 7 
indium foil 


1¢-in. Brooks 

and Perkins 
column of 
ORNL 
graphite 
reactor 

Lg-in. ORNL 

14-in. Brooks 


and Perkins 


14-in. ORNL « «“ 7 


5.6 X 10~* 


value) 


.0 X 10-5 


xX 107% 
x 107° 


x 10-? 
x 10-8 


4x 10°% 


6 X 10-* 1 X10°° 4.5 X 


* Since the first two samples were measured with a different neutron source and detector, 


there is no direct comparison with the others. 
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|NUCLEAR ENGINEERING 


This article starts on p. 91 


mitted radiation channels around the 
chunks. 
If the chunks consist of several 


groups with average chords |, ls, 


Here’s news about 


(and corresponding Vi, Ve Te 21, 


Yo, . . -), the transmission can be gen- 
eralized to give T ~ exp —t (Vi*Zeni + 
"o* Lene + ...), Where V;* = V;/(1 — 
volume fraction of all larger chunks). 


It is necessary to multiply V; by 
1/(1 — volume fraction of all larger 
chunks) to account for the crowding 
together of the smaller chunks by the 


from Victoreen 


larger ones. 

This equation treats the distribution 
of chunks as if the chunks of various 
sizes were in separate layers. The 


To detect, measure, record or control radiation of almost 
any type or intensity . . . with complete systems to AEC 
specifications—that’s part of Victoreen’s radiation monitor- 
ing story. So no matter what your radiation monitoring prob- 


blem, it will probably pay you to check with Victoreen first. result is always 
ignores voids that would be present in 


too small since it 


a layer if the larger chunks were sepa- 
rated out. Nevertheless, the result is 
correct for limiting cases of opaque and 


area monitoring alr particle monitoring 


transparent chunks and is qualitatively 
correct in any case. 

To calculate the transmission of 
l¢-in. boral, it was assumed that the 


Portable air particle 
monitoring units to 
latest ORNL specifi- 
cations. ‘ 


Flexible, fully prov 
en remote area sys- 
tems to AEC require- 
ments for radiation 
monitoring from a 
single control cen- 
ter. 


chunks of boron carbide were spherical. 
The size distribution shown in Table 1 
is typical (2) of 20-100-mesh boron 
carbide usually used in boral. Other 
parameters used for the calculation are 
2 = 190.5 in.—' at 2,200 m/sec (3) 





(neglecting attenuation in aluminum), 


water monitors : ny. ° . . 
é = 0.085in. (not including aluminum 


fission products monitors 


A reliable monitor- 
ing system based 
on MTR design at 
Idaho Falls for de- 
tection of fission 
product activity in 
coolant stream. 


For monitoring ra- 
dioactive liquids in 
pipes, pools and 
streams or other 
locations. 





neutron monitors 
e 
Fast and thermal 


Victoreen Instrument Company 


5806 Hough Avenue 


WORLD'S FIRST NUCLEAR COMPANY 


neutron monitoring 
systems designed 
for bulk shielding 
and dosimetry 
studies. 
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Designed for con- 
tinuous monitoring 
of radioactive stack 
gases. Contains 
built-in alarm sys- 
tem to operate 
external control 
circuits. 


Cleveland 3, Ohio 


cladding), V = 40% (not including 
aluminum cladding) ~ 25% over all. 

The resulting transmission from the 
last equation is plotted against energy 
in Fig. 1. (It is assumed that 2 is 
proportional to 1/velocity.) The con- 
ventional calculation, assuming no 
channeling, is shown for comparison. 
Note that the transmission approaches 
the opaque-chunk limit at the low- 
energy end of the scale. 

Since the chunks were assumed to be 
randomly distributed, there is no pre- 
ferred direction for transmission. The 
transmission for neutrons incident at 
an angle @ with the normal can be found 
by replacing t by t/cos @, the slant pene- 
tration. Figure 2 shows the trans- 
mission averaged over incident angles 
for an isotropic incident flux. Since 
transmitted neutron current in the for- 
ward direction is relatively greater than 
the isotropic flux, the average is carried 
out for both types of detectors. Fig- 
ure 3 shows the results for 44-in. boral. 

A more extensive description of the 
method is given in an ORNL report 
now being published (6). 
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This article starts on p. 91 


Here’s news about 





REACTOR 
INSTRUMENTS 


from Victoreen 


o 


Transmission 


Reliable, accurate reactor instruments for use as individual 





Bae ew eeeetl ie ae SSS TeT| 





0.003 O01 003 0.1 
Energy (ev) 


FIG. 1. Channeling computation de- 
parts from homogeneous approxima- 
tion at low energies. Computations 
are for 4¢-in. boral with typical 20—100- 
mesh B,C distribution 


Experimental Verification 


Experiments performed to test boral 
een gross-transmission measure- 
nts using various neutron detectors. 
possible to compare the results 
culations only if the angle and 
listribution of incident neu- 
nd the angle and energy sensi- 
f the detector are known. The 
page 91 attempts to compare 
ilculations with several experi- 
nts performed at ORNL. 

For the calculations it was assumed 
nat the 
Maxwellian and that the angular 
ition from the thermal column 
f the Fermi type (7). Effective 
perature of the neutrons was taken 
as room temperature, 293.6° K. The 
channeling calculations are an average 
of the results of Figs. 2 and 3 over the 
Maxwellian spectrum for the appropri- 
ate detector. The conventional calcu- 
lations are based on the thermal-neu- 
tron absorption coefficients discussed 
by Zahn and Laporte (8). These coeffi- 
cients take into account both spectrum 

hardening and angular Jistribution. 
In the table the channeling calcula- 


tion is too great in most cases by a fac- 


torof2or3. The result of the conven-| 
tional calculation is too small by more | 


than a factor of 10 for 14-in. samples. 

A considerable difficulty in accur- 
ately comparing experiment and calcu- 
lation is the lack of standardization of 
boral. After initial development, fab- 
rication was standardized, but the 
ingot size, cladding thickness, fraction 


of boron carbide, and particle-size dis- | 
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components in ‘‘customized”’ systems . . . reactor instruments 
to ORNL specifications, or to your own specialized designs— 
that’s only part of Victoreen’s story. Perhaps best of all is 
that we’re in production and can ship all these and many other 
types. Bring your reactor instrument problems to Victoreen, 
the specialists in reactor instruments and instrumentation. 


Model 751 Linear Amplifier (ORNL 
Spec. DD2) for scintillati pecto 
etry, reactor control, etc., and other 
applications requiring high gain and 
resolution, good linearity, and fast 
overload recovery. 





Model 565A Micro-Microammeter 
Electrometer (ORNL Spec. Q8268). A 
stable and reliable instrument for 
measuring low currents in ion cham- 
bers and low impedance networks. 





thermal-neutron spectrum | 


Model 727 Logarithmic Count Rate 
Meter (ORNL Spec. Q1454B). A wide 
range, five decade instrument for use 
with all types of radiation detectors. 


Model 672A, AID Linear Amplifier 
(ORNL Spec. Q1326). Amplifies low 
signal level pulses from radiation 
detectors such as ionization cham- 
bers, proportional and scintillation 
counters. 





Model 695 Single Channel Differen- 
tial Analyzer (ORNL Spec. Q1192). 
A differential pulse height analyzer 
for separating pulses of varying 
amplitudes. 


SPSS EHH EEE EE EEE MOE CHESTER EEE EES EHEC RRR HEE EEE BEER EEEE 


model 683 


Model 683 Ultra-Stable Power Supply. 
An ultra stable de voltage source of 
the type required for precision scin- 
tillation counting, etc. 


The Victoreen Instrument Company 
5806 Hough Avenue « Cleveland 3, Ohio 


WORLD'S FIRST NUCLEAR COMPANY 





Send for NEW 125-page 
VALVES 


CATALOG 407 . 
FITTINGS 


TUBING 


SUPERPRESSURE leas 


COMPRESSORS 


VESSELS 


Describes most advanced 
% 


instruments in field of 


SHAKERS 


ERMETO- 
TYPE 
VALVES & 
FITTINGS 


CUSTOM & 
SPECIAL 
INSTRUMENTS 


PRESSURE 
BALANCES 


PILOT 
PLANTS 


AMERICAN 
INSTRUMENT CO. inc 


8030 Georgia Ave., Silver Spring, Maryland 
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0.3 y 
:. Perpendicular 
incidence 


| 
isotropic incidence — a 
current detector gs 
=~ 


° 


Pr at 


Transmission 


| 
isotropic | 
incidence-; | 


oO 
°o 
ui 


flux | 
detector | 


i i 
0.03 0.1 0.3 
Energy (ev) 





0.003 OO! 


FIG. 2. Transmission of 1¢-in. boral 
with perpendicular incidence compared 
with current and flux from isotropic 
incidence 


Perpendicular 
ncidence 


Isotropic incidence — 
current detector 


ransmission 


Isotropic 
incidence- 
flux 
detector 


0.03 
Energy (ev) 


FIG. 3. Computations of Fig. 2 produce 


these results for }4-in. boral 


tribution have not been "rigorously 
fixed. 
calculations 
guess the fractional weight of 
thickness, 


In comparing experiments and 


one must determine or 


bx ron 


carbide, cladding and the 


size distribution. 
+ * + 


This work was initiated at the Lid Tank 
Shielding Facility of the Oak Ridge National 
Laboratory while the author was on loan from 
the Wright Air Development Center Materials 
Laboratory. The would like to ac- 
knowledge the assistance of R. W. Peelle and 
J. R. Smolen at ORNL and the cooperation 
of Alan Liebschutz at Lockheed and Stanley 
Szawlewicz at Wright Air Development 
The basic method employed makes 


author 


Center. 
use of suggestions proposed by R. R. Coveyou 
and N. M. Smith at ORNL in 1947. 
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UNDER CONSTRUCTION 
Scheduled to go critical this April, TRIGA 
is nearing completion at General Atomic’s 
John Jay Hopkins Laboratory for Pure and 
Applied Science in San Diego, California. 


For further information concerning TRIGA, 
REGA 10-30, and IRGA, write the 
Technical Information Department. 


The Answer to a Challenge... 


TRIGA 


General Atomic’s John Jay Hopkins Laboratory for Pure and Applied Science 
saw a challenge in the need for an inherently-safe, multi-purpose reactor to 
further its broad program in nuclear science and technology. Laboratory scientists 
and engineers have answered this challenge with TRIGA . . . an economical, 
efficient, inherently-safe, 10 kw reactor for effective training, fruitful research, and 
the custom production of radioisotopes in quantity. 


The inherent safety of TRIGA has been achieved through a unique reactor core 
concept. This new, solid-homogeneous uranium-zirconium hydride core was con- 
ceived and developed by General Atomic. The core is the pivotal concept in the 
design of two other General Atomic reactors, REGA 10-30 and IRGA. 


GENERAL ATOMIC 


DIVISION OF GENERAL DYNAMICS CORPORATION 


SAN DIEGO 12, CALIFORNIA 


Research, development and production in the nuclear field * Basic research in the sciences 
Advanced fission power systems * Controlled thermonuclear research * Research and isotope reactors 
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TE 
NG 


EQUIPMENT 


Remote handling tools play an indispens- 
able role in radioisotope sofe handling 
procedures, By making maximum use of 
the inverse squore distance law, radiation 
exposure to any part of the body can be 
substantially reduced. Convenience and 
versatility were major criteria in the de- 
sign of these components. 


Model RHT-60 REMOTE HANDLING 
TOOL CONSISTS OF 


1-5 FT. or 3 FT. HANDLE ASSEMBLY (Specify) 


1-SMALL BEAKER JAW 1-TWEEZER JAW 


1-DUAL 
GRIP 
JAW 


$135.00 


complete 
Model RHT-60 is available in either a 
3 foot or 5 foot handle assembly with 
4 different jaw attachments. The various 
jaw attachments will permit the individual 
to handle objects from a 7 inch sphere to 
@ 1/32 inch nut. Four special mounting 
plates are also supplied which can be 
attached to a shelf to store jaw attach- 
ments. Release pin on mounting plate 
opens spring which permits the handle to 
be remotely withdrawn or inserted into 
any of the jaw attachments without manual 
handling of a potentially contaminated jaw. 


ATOMIC 


worte : , 
i” accessores ine. 

ae Headquarters for all 

os Nuclear Accessories 
244-02 JAMAICA AVE., BELLEROSE 26, N. Y. 


Sales Representotive 
Atomic Associates Inc. 





Labor and 
head 


BREAKDOWN OF COST for fabricating first Shipping- 
port core illustrates importance of materials costs— 


in this case, 62% of total. 


This, and similar situations 


for other cores, leads one to ask ... 


What Price Reactor Materials? 


By MALCOLM F. JUDKINS 
Firth Sterling Inc. 
Pittsburgh, Pa. 


The realization of competitive nu- 
clear power rests, in large measure, on 
the cost of nuclear reactor materials. 
All too frequently, our 
choice in selecting reactor materials is 


freedom of 


so circumscribed as to be almost non- 
existevt. Few materials in use today 
possess all of the required nuclear 
physical and mechanical 
Those that 


Several factors 


chemical, 


properties. come closest 
often are very costly. 
tend to make them costly: 


them are rare and their low-grade ores 


a) some ol 


are scattered widely in remote regions; 
(b) the winning of some materials from 
their ores involves complex extraction 
processes, frequently including the dif- 
ficulty of separating chemical homologs 
or isotopes; (c) extremely high purity is 
required; usually only a few parts per 
million of contaminants are tolerable; 
d) some materials are highly reactive. 

The know 
what materials are available at what 
this 
compiled a composite list of selected 


reactor designer must 


price. To meet need, we have 
reactor materials showing the form in 
which they can be procured and the 
current price in that form. This in- 


formation appears in the table. 


Why So Much 
It is instructive to look at a few re- 


actor materials and see what makes 
them cost so much. 
Niobium (Nb), which is an effective 


fuel-element alloy constituent, is, un- 


fortunately, in limited supply. Nearly 
95 % of all niobium comes from Nigeria. 
Much of it is obtained as a by-product 
of tin mining. The outlook for large 
increases in the supply is unfavorable. 
The AEC for delivery of 
approximately 30,000 lb during 1957. 
The estimated AEC requirements for 
1958 are 40,000 Ib 
75,000 lb by 1959 or 1960. 

Zirconium (Zr) is for the immediate 
Virtu- 
ally all zirconium has been committed 
to the AEC since April of 1957. It is 
currently being produced at the rate of 
625,000 lb/yr. Of this total, 325,000 
lb is produced by Carborundum 
Metals and 300,000 Ib by the U. S. 
Bureau of Mines at Albany, Ore., 
which has recently been reactivated by 


arranged 


and possibly 


present also in limited supply. 


Wah Chang Corp. It is planned to 
expand this latter facility to 480,000 
lb/yr. This is an interim contract 
until the new sponge plants under con- 
struction can assume the load. A con- 
tract for 1,000,000 lb/yr was awarded 
to U. 8S. Industrial Chemical Division 
of the National Distillers Corp., 700,- 
000 lb to National Research Corp., and 
500,000 lb additional to Carborundum. 

Beryllium (Be) in its various forms 
can be purchased with AEC approval 
from Brush Beryllium Corp. and Beryl- 
lium Corp. The American Metal 
Market lists $71.50/lb for lump or 
beads f.o.b. Cleveland or Reading, Pa. 
On January 5, 1956, the AEC requested 
proposals for the production of up to 
500,000 lb over a 5-yr period. One 
million pounds, or twice the amount 
requested, have been ordered from the 
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two sources above. The AEC plans to 
continue Be production at its Luckey, 
Ohio, plant until the new plants being 
built begin operating. Beryllium Corp. 
started limited production in mid-1957. 
Brush Beryllium Corp. plans starting 
production by mid-1958. As a result 
of production and fabrication savings 
onsequent upon these large quantities, 
fabricated Be shapes may be reduced 
to $50-$100/Ib. 

Heavy water (D.() is also in limited 
The costs in separating heavy 
water can be appreciated from the fact 
that natural water contains only 140 
Quantities 
required per reactor are frequently very 
5-200 tons. 


supply 


150 ppm of heavy water. 


large 

Helium (He) is definitely in short 
The principal producing unit 
. 8. Bureau of Mines plant at 
Cylinder prices f.o.b. 


supply 
is the U 


Amarillo, Texas. 


Buffalo range from $9.70 per 100 ft? for | 
up to 2,000 ft® per month, to $7.70 per | 
100 ft® for 25,000 ft® per month. 

Boron (B) occurs in nature as a mix- | 
ture of isotopes B'® and B™ with rela-| 
tive abundance of 18.81% and 81.17% 
respectively. Fora control-rod poison, 
the B® is obviously greatly preferred 
because its neutron capture cross sec- 
tion is 4,000 barns compared to ~0.05 
for B". To obtain a BF; complex in 
which 96% of the boron is B'°—an en- 
richment of 4.8 times normal—requires 
costly processing involving the diffi-| 
culty of separating the isotopes. 

Hafnium (Hf) in the form of crystal | 
bars has been selling for a high price— | 
when it was available. The title to all 
Hf, like Zr, now rests with the AEC. | 
Considerable effort is being focused on | 
extending the supply by using it in the | 
form of a compound such as HfBy. | 

| 





Prices of Reactor Materials 


Form 


Price (&/lb)* 


Re mar ks 





Fuel and fertile materials 
Natural U 
l Fluoride 


Forged billets 


Nitrate 
Ingot 
Ingot 


Diluents 
\ 28 sheet 
Melting stock 
Powder 
Low Hf sponge 
Low Hf and Zire- 
aloy ingot 


Moderators and reflectors 
Lump or bead 
Powder 
Powder 
Fabricated shapes 
Extruded 
Liquid 


henyls Powder 


Coolants 

Bi Ingot 
He 
I Hydride 
N Liquid 


Gas 


11 


nless otherwise noted. 


18.18 
5.62-17.07/gm 


17/gm 
12-45/gm 


19.52 


) OF 


“a0 


0.085—0.105 /ft® 


0.20 


AEC varies with en- 


richment (0.72-90%), is 
f.o.b. Oak Ridge 


price 


AEC is 
or lease until commercially 
maybe 1962 


stockpiling, will sell 


available 


Price varies with design 
Unmachined 

Price in quantities of 125 Ib 
or more, plus cost of con- 
tainer, is f.o.b. Savannah 
River 


0.33-3.06/kg 


In ton lots 


In tank-car quantities 


Table continued on next page. 
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alumina 
ceramics 


aw Wy, 


ss 
Now you can apply the 


unique properties of alu- 
mina ceramics to special 
scientific projects: 


e Low neutron cross section—less 
than 1 Barn. 

e No structural change after expo- 
sure to 2 x 107° neutrons/Cm?. 

e Combines chemical resistance 
thermal stability and electrical 
insulation. 

e Can be metallized and brazed to 
stainless steels or other metals to 
form a hermetic seal. 


Frenchtown alumina cer- 
amics are produced in a 
variety of sizes and 
geometries, either in pro- 
totype or production 
quantities. Dense shapes 
of over 200 cubic inches 
have been manufactured. 


To engineers and scien- 
tists who wish to learn 
more about the capabili- 
ties and limitations of 
alumina ceramics, French- 
town welcomes the op- 
portunity to assist in the 
selection and proper utili- 
zation of these ‘amazing 
materials. This assistance 
is directed toward obtain- 
ing optimum performance, 
simplifying complexity, 
reducing cost and expedit- 
ing delivery. 


Technical literature 


B, will be sent upon request. 


i, WW 


renchtown 


MPANY 


PORCELAIN 


y) 


fi 
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NEW KEWAUNEE 
RADIO-AIR SAMPLER 
OPERATES 
CONTINUOUSLY 





Kewaunee’s Continuous Radio-Air Sam- 
pler is the only instrument of its kind on 
the market . . . an invaluable tool for 
every nuclear installation. You need it to 
establish an acceptable Health-Physics op- 
erating plan and for Environmental Back- 
ground Studies and Surveys. 

Small and compact, the Air Sampler 
has a weatherproof, stainless steel hous- 
ing. It’s portable goes anywhere— 
inside, outside—wherever you need con- 
tinuous and extensive air monitoring. 

Kewaunee’s Continuous Radio-Air Sam- 
pler collects radio particulates with a high 

. efficiency filter (retention efficiency 
of 99.999% for 0.3 to 0.5 micron size 
particles). Standard radio-autograph meth- 
ods will give you a quantitative analysis of 
the airborne radio particulates collected 
by the filter. 

Check these Outstanding Features 
@ Continuous operation 

@ Oil-less pump 

@ Time-rate meter 

@ Valved by-pass for remote sampling 

® Double overload protection 

@ Operates on 110 volt AC cyrrent 

®@ Weighs only 75 pounds 

@ 21%" x 15” x 15” overall 


Write for FREE bulletin 
describing this unit in detail. 


Aeununce 


KEWAUNEE MANUFACTURING CO. 
5083 S. Center Street, Adrian, Michigan 
REPRESENTATIVES IN PRINCIPAL CITIES 
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Prices of Reactor Materials (Continued) 


Material 


Coolants (cont.) 


Nak 


Pb 


Form 


Liquid 


Pig 


Control rod poisons 


Natural B 


B-steel 


Cd 
Dy, Er, Gd, Y 
Hf 


sm 


Amorphous 


Crystalline 150 
Liquid complex 
Powder 5.55-9.45 


3-6 /gm 


Sintered cylinder 11.56 


Sheet 3 and up 


3 


Wire 1.7! 
l. 


‘ 
‘ 


) 
VU 
358.80 


Bars, sti 
Powder 
Crystal ba: 28 


Oxide 3.50-5/gm 


Cladding and structural materials 


Al 


Steel 


Shielding 
Boral 


Concrete 


Heavy metal 


Pb 


Tungsten 


3003 sheet 

3003 tubing 

Low carbon plate 

304L stainless 
strip, sheet 


0.60 
0.97 
0.51 


0.6325 
321 stainless 
strip, sheet 0.655 
347 stainless 
strip, sheet 0.7925 
Low-Hf and Zirc- 
aloy strip, sheet 
Low Hf and Zire- 
aloy welded 
tubing 
Low Hf and Zirc- 
aloy seamless 
tubing 


1¢-in. sheet 


12/ft? 
18/ft? 
0.50 /ft* 


14-in. sheet 
3g-in, sheet 
Ordinary 
Installed 
Barytes and 
magnetite 
Steel punchings 


Shot 
Sheet 
Powder 


* Unless otherwise noted. 


Price (8/lb)* 


Re marks 


Mixture is 44-78 wt% K; 
price varies with quantity 
300,000—500 Ib); 


Evans City, Pa 


is f.o.b. 


Price varies with purity (90 
99%) 


6.9% B of which 96% is B*° 
20-100 
with 


mesh; price varies 
(2,000—1 Ib) 
Compacted or extruded, 5¢ 
in. dia X 5 in. 


Stainless 


quantity 


steel with 14 


2% B; price varies with size 


Ingot will be lower 


Price varies with quantity 


50-1 gm 


Base price 


Mixture of 65% Al and 35% 
B,C clad with Al; price is 
f.o.b. Detroit 


Hot-pressed pieces, contain- 
ing ~90% tungsten and bal- 
ance of Niand Cu, are up to 13 
in. dia X 10 in. and 1,000 lb 


H, reduced (99% pure) ; price 
depends on ore price 
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Refueling 
the PWR at 


Shippingport 


Reaching down through 30 feet of water, 
through the vessel head and 10 more feet 
of water in the hot core—UNITED’s re- 
mote controlled handling tool will extract 
or insert any of the PWR’s 145 fuel cells 
... even those which are offset sharply 
from one of the 10 access ports. The tool 
head grasps and maneuvers the 500-Ib. 
cells surely, smoothly and precisely. 


Ss 


The development and fabrication of the 
PWR refueling system—plus similar 
equipment for the AlW Core I, and 
S3G/S4G under subcontracts to Westing- 
house and General Electric for the Atomic 
Energy Commission—are pioneering tasks 
well suited to the unique combination of 
skills, experience and facilities which 
UNITED offers to the nuclear industry — 
and to you. Let us discuss your fuel han- 
dling problem with you. 


The Fuel Handling Crane and 
Extraction Tool, developed by UNITED 
for Pressurized Water Reactor, 


' 


United 


SHOE MACHINERY CORPORATION 


Atomic Power Department + BALCH STREET—BEVERLY, MASS. 
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FIG, 1. 


less steel (horizontal) with type 308 weld metal. 


show boron phase-alloying across weld 


5 


Fillet weld joining 1-in. plates of 1 wt% B-steel (vertical) and type 304 stain- 


Results of metallographic examination 


Boron Steel for Control Rods 
and Thermal Shields 


By NICHOLAS BALAI 


irgonne Nationa 


Of the nine control rods in the 
EBWR, four have boron-steel absorber 
sections (the other five have hafnium 
The thermal shield 
core (and the shadow shields in front 
of the nozzle penetrations 
boron steel. 

The advantages of using this mate- 
rial for control rods derive from its 
ready availability and relatively low 
cost ($3.40/lb). By contrast hafnium, 
when it is available, costs around $28 
Ib. These advantages, 
the fact that a B-steel rod will have 
somewhat greater blackness than a 
thermally black rod and is nearly as 
effective as a Hf rod (see Table 1) 
make the use of B-steel for this applica- 
tion very attractive. 

The advantage of using B-steel for 
thermal shields derives from its ability 
to absorb neutrons with the consequent 
reduction in the formation of energetic 
capture gammas. Because of this, the 
diameter of the pressure vessel can be 
reduced by reducing the radial thick- 
ness required for the thermal shield. 


100 


surrounding the 


is also ot 


coupled with 


Laboratory, Lemont, Illinois 


Development of Specimens 


It was assumed that a boron-alloyed, 
austenitic stainless steel offered a suit- 
able starting point for the development 
of a high-boron alloy. The specimens 
prepared were alloys of natural boron, 
which contains 18.8% by weight of the 
B'° isotope, and type 304 (wrought) 
and CF-8 (cast) stainless steels. 

Alloys containing up to 10 wt% of 


natural boron were prepared as cast- 
ings. Air-melted castings containing 
up to 4 wt% B were found to be ex- 
tremely notch-sensitive and brittle. 
Cast alloys containing 3 wt% B were 
not workable. It would appear that 
the metallic characteristics of the cast 
alloys vanish rapidly with increase in 
B content—the 9 and 10% alloys 
broke and rang like vitrified clay bricks. 

A 10-in. < 56-in. cruciform-shaped 
casting containing 2 wt% B was pro- 
duced then machined. Radio- 
graphs revealed web 
(confirmed by sectioning) and inhomo- 
geneity in the arms in addition to the 
obvious surface porosity. Additional 
work with castings was discontinued 
when tests to determine mechanical 
properties revealed a complete lack of 
ductility (see Table 2). 

Wrought (rolled) specimens contain- 
ing up to 2 wt% natural boron were 
also produced. The maximum amount 
of natural boron that can be tolerated 
by the type-304 stainless steel is in the 
vicinity of 2.2 wt%. This limit was 
established by the reduction of vacuum- 
melted 2-wt% B-steel ingots to plate 
and sheet products and by the shatter- 


and 
voids in the 


ing of a vacuum-melted 3-wt% B 
For air-melted materials, the 
wt% of 


ingot. 
limit 
natural boron. 


is approximately 1.5 


Weldability 


Difficulty in welding was expected 
because of the low ductility of the 
2-wt% B cast and wrought materials. 
A 75-deg double-““V” groove with a 
Lj g-in.-wide land at the root in 1-in.- 
thick material was used in welding 15 
test plates. Weld deposits from }¢-in., 
go-in. and electrodes were 
placed on alternate sides of the plates 
as dictated by bowing, i.e., a warped 
plate was straightened by welding on 
side of the groove. 


3/ g-in. 


the opposite 





TABLE 1 


Thicknes: 


Rod composition (in.) 


B-steel 
B-steel 
B-steel 
Hafnium 


Llwt% 
2wt% 


3 wt% 


* Values are referred to a black thermal rod 
Average thermal neutron flux was 1.5 x 10*°. 


epithermal flux. 


Burnup and Effectiveness of Hafnium and Boron-Steel Rods 


E ffectiveness* 
(%) Percent 


burnup 


Initial 


in I yr 


After 1 yr 


88 8O 28.5 
109 104 14.5 
117 114 9.8 
108 108 0 


Values >100% are due to absorption of 
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TABLE 2—Typical Mechanical Properties of B-Steels 


Tensile strength 


Material* 


2% B casting 
horizontal cast plate) 
2% ®B casting 
edge cast plate) 
3 wrought 
air-melted and cross-rolled) 
B wrought 
vacuum-melted) 
149 
air-melted) 
1.5% 3 


vacuum-melted) 


B wrought 
wrought 


2% B wrought 
vacuum-melted) 


* All 


(pst) 


51,200 
41,200 
38,800 
95,800(L) 54, 
86,100(T) 56,500 
74,100(L) 
81,800(T) 34, 
92,200(L) 
98,200(T) 
97,000(L) 
95,000(T) 
101,000(L) 
98,200(T) 


wrought materials were air-cooled from 1,900 or 1,950 


Reduction Elongation 


c Go 
\'7o) ("Zo) 


Yield point 


(pst) 


30,200 
28,800 


| 
| 


700 


31,500 
300 
33,000 
42,700 
37,600 
42,000 
70,000 
37,500 


F at the mill. 





Titania-coated electrodes, in 308 and 
310 compositions, did not fuse the 
roots of the welds, when lands were 
butted, and fissured on cooling. The 
fissuring was eliminated by using lime- 
coated electrodes. Fusion at the root 
of the weld was obtained by using 
wider lands (1 in.). Butt-weld joint 
efficiencies of 80% (based on tensile 
strength of type-304 end plates) in the 
as-welded condition were easily at- 
tained with deposited parallel stringer 
passes, 

The ductility of the stainless-steel 
weld metal was found to be as low as 
that of the boron-containing base mate- 
rial. From the fine-grained appear- 
ance of the weld-metal fractures, it was 
suspected that the boron phase-alloyed 
across the weld in the welding process. 
The suspected alloying was confirmed 
from a_ sectioned 
between 304 and 


metallographically 
‘T”’ fillet 
304-1B 


weld 


see Fig. 1). 


Corrosion Resistance 


The corrosion resistance of the 1 and 
natural boron stainless steel 
alloys, in both air- and vacuum-melted 
grades, is at least equal to that of the 
austenitic grade (type 304). Welds 
joining the alloys to each other and to 
SS304 are also corrosion resistant to 


2 wt% 


the same degree. 


Irradiation Resistance 

Four slugs, each 5 in. long, were 
machined from 1-in. wrought plate of 
2 wt% composition for a test 
the MTR. Figure 2 
shows their appearance after a cold 
irradiation exposure of 1.5 X 10?!nvt 
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l and 


irradiation in 


ee fF Tt oF »® 





FIG. 2. Obround slugs, 5 in. long, of | 
1 and 2 wt% B-steel ofter irradiation 
in flux of 1.5 X 10*'nvt showed no crack- 
ing and only superficial hardening 


INDUSTRIAL APPLICATIONS 
OF RADIOISOTOPES WITH 
THE NEW AUTOMATIC 
TRI-CARB SPECTROMETER 


Tracer Research involving industrial organic 
compounds — oil and gasoline, solvents, phar- 
macevticals, plastics. 


Ground Water Studies—large scale water 
distribution problems, such as pollution and 
weste disposal. 


Large Scale Tagging of plont operation with 
safety and economy of radioactive moterials. 


cone 
Oa 


Tri-Carb Liquid Scintillation Counting 
has opened many new possibilities for 
industrial applications of radioisotopes 
by making low level counting of soft 
beta emitters a simple routine proce- 
dure. Consider the following facts to 
see how this method might be applied 
to your own work. 

Every single organic compound can 
be uniquely identified with the radio- 
active isotopes of hydrogen and carbon. 
These isotopes . . . Tritium and Carbon- 
14... are readily available and simple 
to use. They emit very soft beta radi- 
ation which cannot penetrate even a 
thin glass container. Other common 
soft beta emitters that are now being 
successfully used in industrial applica- 
tions are Sulphur-35 and Calcium-45, 

Although the Tri-Carb Liquid Scintil- 


_ lation Spectrometer is sensitive enough 
| to be used for natural radiocarbon dat- 


ing of preserved organic materials that 


| are over 40,000 years old, it is still 
| simple enough to be used for counting 


(thermal neutrons). A dye-check in- | 
spection showed no cracking of the 
sidesorends. Hardness checks showed 
a superficial hardening comparable to | 
that sustained by the austenitic mate- | 
rial at the same exposure, i.e., 10-15 
points on the Drale D scale. A more | 
scientific irradiation, which includes | 
tensile and notched impact specimens 
in base material and welds, is awaiting | 
space in the MTR. 

+ * * 


I wish to acknowledge the contributions of 
Dr. C. R. Breden, N. R. Grant, R. E. Bailey | 
and H. Sommer for assessing the corrosion 
resistance of the alloys, obtaining the prelimi- | 
nary irradiation data, and melting-down the 
numerous types of electrodes used. | 


| hundreds of ordinary samples per day. 


Obviously the possibilities for practical 
industrial applications of radioactive 
tracers are greatly enhanced now that 
measuring equipment with this inher- 
ent sensitivity is available for routine 
use. Costs, safety, etc., cease to be 
limiting factors, and even the labeling 
of consumer products becomes a prac- 
tical consideration. 

For additional general information re- 
quest Bulletin 314. For spe- 
cific information on your 
requirements, provide appli- 


INSTRUMENT COMPANY 
Department B 
P.O. Box 428 © LA GRANGE, ILLINOIS 
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- Reactor pressure 
drop with core 

“containing 46 
buckled fuel 

~ elements and 

2 buckled 
control rods. 


Core components 
began to buckle 


Reactor pressure 
drop prior to buck- 
ling of core compon- 
ents 
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FIG. 1. 


with static air pressure. 


Deflection of fuel element plates observed in bench test 
ETR plates are compared with MTR plate 


FIG, 2. 


The Engineering Test Reactor 
—_A Status Report 


By R. L. DOAN 
Phillips Petroleum Co 


The Engineering Test Reactor (J 
went critical at 10:59 p.m. on Septem- 
ber 19, 1957, three weeks after the 
official termination of construction ac- 
tivities. This event was preceded by 
extensive preoperational tests of vari- 
ous reactor components and the coolant 
system. Low-power testing is now in 
progress involving equipment debug- 
ging, rod calibration, flux distribution 
measurements, void and temperature 
coefficient determinations, etc. In- 
stallation of major experimental facility 
loops in core positions will necessitate 
substantial reactor down time and sub- 


*Based on a paper 57-AIF-2 presented 
at the fourth annual Atomic Industrial 
Forum conference, October 28-31, 1957 
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Idaho Falls, Idaho 


sequent careful study of the change in 


core conditions resulting therefrom. 


It will be 
large portion of the planned experimen- 


several months before any 


tal program can get underway. 

General plans for the Engineering 
Test Reactor call for bringing the re- 
actor as rapidly as practicable up 
to the 
achieved safely with the present core 
The test 
program will be started at this stage. 
Operation of the reactor at full design 


power must await the development of 


highest power that can be 


components. experimental 


improved fuel elements and control 
Work along this line is already 
underway. 

It can be expected that any major 


r¢ rds, 


reached full-power design value. 


In-pile flow test of core buckled fuel elements when flow 


Curves show change in AP 


nuclear reactor involving new design 
principles may initially fall somewhat 
short of expectations, and in this re- 
spect the ETR is no exception. I shall 
review some of the problems revealed 


by test work to date. 


Fuel-Element Stability 

The fuel elements for the ETR are 
the flat-plate type, each assembly con- 
sisting of 19 plates 0.050 in. thick sepa- 
rated by channels through which the 
light water coolant flows at a design 
rate of 35 ft/sec. The plates are ap- 
proximately 3 in. wide and 36 in. long. 
The fuel is highly enriched uranium 
alloyed with aluminum and clad with 


aluminum. Boron uniformly distrib- 
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uted throughout the fuel section pro- 
vides a burnable poison that helps to 
keep the neutron flux reasonably uni- 
form throughout the core for the entire 
fuel cycle. 

One sometimes hears the term 
“MTR-type” applied to ETR fuel 
This is quite misleading 
since the only similarity between MTR 
and ETR fuel elements is that they 
both have the same number of plates of 
the same width and thickness except 
for the outer fuel plates which are 0.050 
in. for the ETR and 0.0625 in. for the 
MTR. 
between the curved plates of the 

ind the flat ones of the ETR, 
gives rise to a major obstacle to 
Two other 
the 50% 
greater length of the fuel sections in the 
ETR fuel elements as compared to the 
MTR (36 in. vs 24 in.) and the pres- 

of distributed boron in the ETR 


elements. 


There is an important differ- 
ence 
MTR 
that 
full-scale ETR operation. 
differences 


signincant are 


al problems have been encoun- 

the preoperational testing of 
| elements and control rods and 
The first, 

| most important, has to do with the 
mechanical strength of the fuel element 
structuré 


discussed separately. 


which is not great enough to 
withstand the hydraulic stresses under 
full design coolant flow rates. 

[t is clearly of first importance to 
determine, insofar as can be done in 
advance of actual operation, the prob- 
able integrity of the various core com- 
under the total load of me- 

cal and thermal stresses that will 
intered at design power. The 
best that can be done in this direction 


pone nts 


) measure the response of the core 
onents to mechanical stresses of 
is magnitudes under room-tem- 

conditions and try to extra- 
the operating temperature 

ms. Such investigations have 
ude on both ETR fuel elements 
TR control rods using specially 
| static and hydraulic flow test 

s and also the primary coolant 
of the reactor itself. The re- 
ire not the 
‘int of full-power operation with 


encouraging from 


the present core components. 
Pre-reactor stress tests on ETR fuel 
elements consisted of both static pres- 
The former 
irried out by applying air pres- 
sure to the 


sure tests and flow tests. 
were 
inside of the element and 
measuring the deflection of the outside 


fuel plates. The results on two typical 


Vol. 16, No. 1 - January, 1958 


fuel elements are shown in Fig. 1, to- 
gether with an MTR fuel element for 
comparison purposes. It will be noted 
that the 0.050 in. ETR flat plate de- 
flects much more at a given pressure 
differential than does the 0.0625 in. 
MTR curved plate. A 21-psi pressure 
differential is required to bring about 
a 10-mil deflection in the MTR plate, 
while only 2.5 psi is required for the 
ETR plate. It is not expected that 
the two values should be the same but 
the very low value for the ETR flat- 
plate element does underline its struc- 
tural weakness. Under operating con- 
ditions fuel-plate deflection should be 
negligible, certainly less’ than 10 mils. 


higher than design coolant flow in the 
reactor. The pumping capacity is 
6,000 gpm at a 160 ft head. System 
flow is measured with a venturi nozzle 
and mercury manometer. Mercury 
manometers and pressure test gauges 
are employed for obtaining pressures 
and pressure differentials. Observa- 
tions are made of flow rate vs pressure 
drop across the fuel elements. 

Similar measurements have been 
made in the reactor itself using the pri- 
mary coolant system as the hydraulic 
test loop at normal operating pressure 
(200 psi). 

The general results of the hydraulic 
flow tests both in the hydraulic test 


FIG. 3. : One of ETR fuel elements that buckled during in-core test at design flow 


This places an upper limit of something 
like 2.5 psi on the pressure differential 
for the ETR fuel element even at room- 
The 
strength of the plates, plus the apparent 
lack of flatness of several of them, gave 
an early indication that some of the 


temperature conditions. low 


plates might buckle and collapse at 
high flow rates. This was confirmed 
by the pre-reactor hydraulic flow tests, 
which collapsed the fuel plates at flow 
rates in the of 33-35 ft/sec. 
Design flow rate at full power operation 


range 


is 35 ft/sec, although there is some 
indication that the actual average re- 
quirement lower 
than this. 

The out-of-reactor flow tests 
made in a nine-element hydraulic rig 


may be somewhat 


were 


designed and constructed by the Gen- 
eral Electric Co. for use in their core 
development studies during the ETR 
design and later transferred to Phillips. 


As many as five fuel elements can be 


tested at one time up to flow rates 25% 


facility and in the reactor were as fol- 
lows: (a) A variation in flow rate of as 
much as 25% was observed between 
different channels; (b) The fuel assem- 
blies buckled at an average channel 
velocity of 33-35 ft/sec in the hydraulic 
test facility and 30 ft/sec in the reactor; 
(c) The over-all water balance on the 
reactor indicates that it would take 
about 55,000 gpm at a 52-psi pressure 
differential (AP) to give an average flow 
of 35 ft/see in the (undistorted) fuel 
channels for a core loading of 49 fuel 
assemblies, 16 control rods and 31 core 
filler pieces. The estimated design flow 
rate for this loading is about 49,000 
gpm and the core AP about 42 psi. 
Figure 2 gives a typical plot of total 
reactor flow vs AP prior to and follow- 
ing the buckling of the fuel elements. 
The buckling started at a AP of about 
45 psi. Collapse of the plates re- 
stricted the flow in a large number of 
channels, with a resultant increase in 
AP for any given flow rate. Figure 3 
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TA SCALER 


DECADE 
UNITS! 








MODEL DS-5. General purpose 
counting instrument has 5 plug-in 
decade units, which permit a 
direct count up to 199,999 with- 
out the use of external registers. 
Overall resolution time is 5 micro- 
seconds per puise pair. ““Mono- 
matic” single fever control starts, 
stops, and resets count and time, 
thus simplifying operation. 


T/A Accessories for use 
with DS-5 Decade Scaler 


Scaler shown with LS-7M Lead Shield 
and Model SD-1 Scintillation Detector 


eettee Tits 


Model CR-1 Count Register and 
Medel PT-1 Predetermined Timer 


For complete details 
write for Bulletin No. 140. 


TECHNICAL 
ASSOCIATES 


Instrumentation for 
Nucleor Research 


140 W. Providencia Ave. + Burbank, Calif. 
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is a photograph of a fuel element after 
hydraulic test to failure, showing a 
buckled fuel plate. 

In view of the hydraulic test results 
showing collapse of the fuel elements at 
an average flow velocity of 30 ft/sec at 
room temperature, the question arises 
as to the maximum safe flow, and 
hence the maximum safe power of the 
reactor under operating conditions. 
This is a difficult question to answer in 
the absence of detailed knowledge of 
thermal stress effects at elevated plate 
temperatures. Based partly on a de- 
sire to retain a certain factor of safety 
for the fuel elements and partly on the 
necessity of imposing an upper limit on 
reactor power because of inadequate 
cooling of the fuel section of the control 
rods to be described later, it has been 
decided to limit the maximum flow rat 
under operating conditions to 18 ft/sec, 
and the maximum reactor power to 90 
Mw. If new information should be- 
come available during the power runs 
indicating that these limitations are 
unjustifiably restrictive, they will be 
reconsidered. The same thing applies 
to lowering the limits. At present 
they are merely target estimates. 

Since it is clear that the reactor can- 
not be operated at full design power 
with the present flat-plate fuel ele- 
ments, several alternative designs have 
been considered: 


¢ Perforating the side plates to re- 
lieve the pressure differential between 
channels. Preliminary hydraulic flow 
tests on fuel elements having slotted 
side plates reveal little or no plate dis- 
tortion up to 25% above design flow 
rate. 

@ General Electric has developed a 
roll-swage cold-fabrication technique 
that leaves the fuel plates in a hardened 
condition. 
draulic flow tests show no significant 
distortion up to flow rates 25% higher 
than the design value. 


toom-temperature hy- 


© Redesign of the ETR fuel element 
to provide a central support for the 
plates along the lines of SPERT (2) fuel 
elements would probably yield a satis- 
factory fuel element. But this is an 
expensive modification and perhaps the 
least desirable of the three alternatives. 

Much testing and analytical work 
remains to be done before any of the 
foregoing, or other, alternatives can be 
accepted for full-power 
The slotted side plates, for example, 


operation. 


will probably solve the pressure-differ- 
ential problem but may introduce some 
other problems of flow distribution 
across the plates that will give trouble. 
Likewise, the cold-worked fuel ele- 
ments, although satisfactorily with- 
standing the hydraulic stresses of full 
design flow at room temperatures, 
could quite possibly collapse under the 
combined load of hydraulic and ther- 
mal stresses at the maximum tempera- 
tures encountered under full-scale re- 


actor operations. 


Reactivity Measurements 

The fuel section of the ETR fuel ele- 
ments is an alloy of U**, boron and 
aluminum. The specifications call for 
255 gm of U?** and 1.6 gm of boron in 
some of the fuel elements and 239 gm 
of U2** and 2.5 gm of boron in others. 
This fuel-and-boron loading is calcu- 
lated to give an excess reactivity of ap- 
proximately 11% when 49 fuel elements 
of the first category are loaded into the 
reactor with the full complement of 31 
aluminum filler pieces in the core ex- 
perimental facilities. 

To verify the correctness of this and 
other reactor calculations, particularly 
those associated with the experimental 
program, an ETR critical assembly has 
been built and placed in operation in a 
pool of water adjacent to the reactor 
building. The ETRC is a fullscale 
core prototype of the ETR. The in- 
ternals of the core, such as fuel elements 
and control rods, are actual ETR com- 
ponents except for the poison section of 
the control rods, which are cadmium in 
the ETRC and boron-stainless steel 
alloy in the ETR. 

The genera! results obtained to date 
on the ETRC may be summarized as 
follows: 

e The average worth of the gray 
shim rods has been determined to be 
1% Ak/k each as predicted in design, 
although values for individual rods 
may range from 0.3% to 1.5%. 

e The average black shim rod worth 
is approximately 1.5% Ak/k, as com- 
pared with the design prediction of 
3.6%. This low value will introduce 
some problems in operation. 

e The excess reactivity for a core 
loaded with 49 fuel elements and 31 
aluminum filler pieces in the nine core 
experimental facilities was measured to 
be 1.5% as compared with the design 
prediction of 11%. The primary rea- 
son for the low value of excess reactiv- 
ity appears to be high boron content 
which, because of metallurgical and 
analytical uncertainties, ran over the 


, 
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in the first 180 fuel 
lements fabricated. Steps are 
to bring the 
the next lot. 


specification value 
being 
taken boron into line on 
It may 


the 


also prove desir- 


: to inerease fuel content. 


Control Rods and Drives 


lhree major problems were encoun- 
preoperational tests of the 
Two of 
been solved and the third 
a redesign of the fuel sec- 


tered in 
ETR 


them have 


control rods and drives. 


Wlil require 


tion in the control rods. The prob- 


ire as follows: 


1. A pressure drop of 65-75 psi is re- 
l the 

of 35 psi through the fuel sec- 

the control rods. This is 

50% higher than the 

ilue of 45 psi. The discrepancy 


to give design coolant 


calcu- 


uunted for by a design computa- 
The net result is that the 
the fuel of the 
rods as presently designed will 

insufficient for full 

Under 
18 ft/sec 
the coolant 


rror 

rough section 
cooling 
Mw. 
AP required to give 


yperation at 175 
the fuel elements, 
hrough the fuel section of the con- 
ls will be adequate to permit a 

1 reactor power of 90 Mw. 
as the heat-transfer problem 
ed, the most likely possibility 
dial action appears to be a 
the 
the 
iditional fuel plates without in- 


ation of latching system 


allow insertion of two or 
the pressure drop over the 
ilue. This the 
tent per plate and hence reduce 
to the point where the 
in be cooled by a flow of about 
under 175-Mw operation. 

w will require a AP of 40—45 psi. 


will reduce 


t flux 


he carbon-steel actuator rod in 
ntrol-rod drive mechanism was 
) corrode to such an extent that 
drive would not scram after a 
This 
changing the 

of construction to 17-4 PH 
ess and increasing the clearance 


intermittent operation. 
remedied by 


n the rod and the guide bushings. 


drive-rod magnets were found 
de inadequate force to hold the 
after the mechanism had 
a short time. The 
implifiers are designed to give 
n the 


rods 


¢ rated for 


coil windings during 
but after the rods 
| been operated for some time, the 
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operation, 


current required to hold them went up 
to 300 indicated 
that the pole pieces were magnetically 
saturated under the operating condi- 
tions. Asa remedial measure, the pole 
pieces were cut back to provide greater 
holding area and the magnets now op- 
erate satisfactorily on about 12 


ma. Calculations 


5 ma. 


Primary Coolant System 


Unlike the MTR, which is cooled by 
a stream of water from an overhead 
reservoir, the ETR derives its cooling 
from a stream. 
The most important difference between 
type of emergency 
the 
particularly 
during the first few minutes after shut- 


pump-driven water 
the two is in the 


coolant protection provided in 


event of power failure, 


down when the fission heat is a rela- 
tively high fraction of the full power 
heat. In the MTR, the ever-present 
overhead reservoir of about 150,000 
gal is sufficient to provide the full 
coolant flow of 20,000 gpm for a period 
of 7.5 min, if 
failure stops the pumps and scrams the 
reactor. In case of power failure at the 
ETR the inertia of the primary coolant 


needed, after a power 


pumps and water stream have been 
calculated by the designer to allow the 
shut down safely to the 
thermal circulation will 
suffice the after heat. As 
additional protection, we have installed 
a failure-free source and con- 
nected the emergency coolant pumps 
to it. 


Since 


reactor to be 
point where 


to remove 


power! 


the for the differ- 
ential pressure recorder is over 1 sec it 
best to add at least two fast- 
differential-pressure 


scram time 


seems 
response scrams 
before taking the reactor to high-power 
This will be There 
must be at least two avenues by which 
the 
millisec 


operation. done. 


reactor can be scrammed in 500 


or less in the event of a com- 
mercial power failure 

In addition, 
tem cannot accommodate the large 
pressure drop required to operate at 
the reactor 


low core velocities. Since 


is to be operated initially at reduced | 


to install 
primary coolant lines to 


flows, 
orifices in the 
restrict the 
fuel elements now in use. 

With the foregoing exceptions, 


it has been necessary 
flow to a safe value for the 


the | 
primary coolant system characteristics 
including pressure 
and heat exchanger performance ap- 
pear to be satisfactory. 
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it has been found that | 
the control range designed into the sys- | 


transient response 


Significant 

Advance in 

Film Badge 
Dosimetry by 


A 
a >} 


z 


j 


gives you all these 
special features in 


MEASUREMENT... 


Extreme sensitivity — 5 mr for 
soft x and gamma rays; 10 mr 
for hard x and gamma rays 

Wide exposure range — from 
5/10 mr to 600R 

beta-gam- 
ma, X-ray, and neutron film 
packets are held in one badge 


DESIGN... 


Tamper-proof — special unlock- 
ing device required to open badge 
Combined film and security 
badge — has space for stand- 
ard 1% X2 identification photo 
Lightweight — sturdy, moulded 
plastic badge weighs less than | oz. 


SERVICE... 


Prompt weekly reports, supple- 
mented by quarterly and annual 
cumulative report 

For data on the newest advances in 
| film-badge dosimetry write for Bulletin N-3 


rorebelauelt. 
ce} a 

Vepe-Ratete 

outeenis 
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Cockcroft-Waltons—Good Neutron Producers 


Increasing use of the d-t reaction to 
produce 14-Mev neutrons and the d-d 
reaction for 2.9-Mev neutrons is bring- 
ing new fame to a work horse among 
accelerators, the Cockcroft-Walton or 
cascade-rectifier type. In its operation 
electrons are “pumped” up through 
succeeding stages to the top of the cas- 
cade where their potential energy is 
roughly the product of the peak input 
potential by the number of stages. 

Strong points of the cascade-rectifier 
design are simplicity (no moving parts 
and relatively high 
This is just fine for research applica- 
tions, and at least one manufacture! 
recommends them for processing 

The accelerator unit is not complete 
until one has coupled an ion source and 
an accelerating tube to the high-po- 
tential supply. Since the ion 
must be at a high potential relative to 
ground, there is a problem of supplying 
it with heating power and connecting 
it to remote control knobs. 

Three manufacturers ar 
ing Cockcroft-Waltons to the American 
market. They are American Instru- 
ment Co., Silver Spring, Md.; Applied 
Radiation Corp., Walnut Creek, Calif. 
and Philips Electronics, Mt. Vernon 
N.Y. A table of the characteristics of 
the accelerators that they build is on 
this page. In the sections that follow 
are brief descriptions of these devices 


beam currents. 


source 


now offer- 


FIG. 1. 
tor at University of Arkansas 


Applied Radiation Corp. recently installed this accelera- 


ARCO Generator Makes 
Neutrons in Arkansas 

First of the Applied Radiation 
Corp.’s Cockcroft-Waltons (see Fig. 1) 
is a 350,000-volt, 1,000-ua installation 
that will accelerate positive ions for 
the chemistry department of the Uni- 
versity of Arkansas. Richard Fink 
will use it to make up to 10"! 14-Mey 


neutrons per second by hurling deu- 
terons at a tritium-soaked zirconium 
target. He has already 
2 X 10 d-d neutrons. He can pro- 
luce a 1.8-ma deuteron beam at 380 kv 
and focus it into a spot that is 1.2 mm 


prot luced 


in diameter. 

Eventually Fink hopes to increase 
the output many times by increasing 
the output potential to 500,000 volts 





Characteristics of Cockcroft-Walton Generators 


Philips 
No. of stages 2 
350 


Max beam current (ma 


Max voltage (kv) 


accelerator 

ion source 

at target 
Max beam power (watts 
Primary frequency 

(eps 500 500 
Input power (kw) 30 30 30 


500 


Ripple (%, peak to peak, at max voltage 


filter 0.04 0.05 0.06 
no filter 0.4 0.5 0.6 
Price ($ 10%) 48.1* * §5* 


§2.3 55 
Pressurized or non- 


non- non- 


oil immersed press press press 


*FOB Mt. 
installation. 


Vernon, N. Y.., 


without 


duties 
t FOB Walnut Creek, Cal., including supervision of installation. 


ARCO 


American Instrument 


t 13 10 
1,000 yf: f 400 


1.5 
250 < 400 
400 54,000 1,000 
1 


0.1 


non- 


press 


t FOB Silver Spring, Md., including 





FIG. 2. 


Philips Electronics uses oval corona shields. 


Insulating 


columns house belts and rod drives 


“e 


\) 


AA 


| 


MUUTURBEHAE MT 








NEW 
LOW-COST 
Van de Graaff 


for 
RADIATION 
PROCESSING 








‘He Under $20,000 

per kilowatt of 

ionizing radiation 
delivered to the product 


® Rated for industrial use 
at 2.5 kilowatts 


THE Mopet GS VAN DE GRAAFF costs 
less than any electron accelerator now avail- 
able. It is designed to meet today’s needs for 
in-line processing. The uniformly scanned 1.5- 
Mev beam is suitable for testing a wide range 
of products — films, sheets, wire, liquids, gases, 
and powders, Peak power is 4 to 5 kilowatts. 





Bulletin G, describing 
this newest Van de 


Graaff, is available on iY 3 t N G | N F E a I N 
request. 
- Li, " = 


eoneh- 2-200. 2: Wmne) 
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careers in peaceful 
applications of atomic energy 


Engineering Analysis on 
ADVANCED REACTOR SYSTEMS. 
Responsible positions 


REACTOR 
SHIELDING - ANALYSIS 
Qualifications: BS, MS Nuclear Engineering, Physics, or 
Math. (with good Physics background). 1-5 years’ 
experience. 
Duties: Analyze neutron and gamma-ray distribution, heat 
generation, shielding of cores and external systems; eco- 
nomic, material, and configuration aspects. Also advanced 
shielding studies, use of computer techniques. 


STRESS -ANALYSIS 


Qualifications: BS, MS, PhD (Engineering). Two to four 
years’ stress analysis background. 
Duties: Functions of position to include performing and 
directing structural and thermal stress, vibration, and 
impact analyses of advanced nuclear reactor systems. 


REACTOR 
CORE - ANALYSIS 
Qualifications: BS, MS in EE, ChE, Physics or Nuclear 


Engineering (special nuclear training desirable). 1-3 yrs? exp. 


Duties: Perform nuclear analysis to determine critical 

mass, neutron flux distribution, control rod effectiveness, 

temperature coefficients of reactivity, reactor dynamics, 
and full cycle reactivity changes. 


Write: Answer will be prompt and confidential. 


ATOMICS 
INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC, 
Mr. G. W. Newton, Personnel Office, Dept. C-1 
21600 Vanowen Street, Canoga Park, California 
(In the Suburban San Fernando Valley, near Los Angeles) 


APPLIED RADIATION 


This article starts on page 106 


land the beam current to 3 ma and re- 
placing the zirconium target with a re- 
generating silver one. The plan is to 
bombard the silver with both deuterons 
and tritons. The beam will replace 
the tritium and deuterium consumed in 
the reactions. 

The cold-cathode ion source will op- 
erate hundreds of hours either contin- 
uously or intermittently at full beam 
|current without servicing. It can ac- 
| celerate protons, deuterons, tritium 





|ions and alphas, and it should be pos- 
| sible to produce heavier ions with sig- 
nificapt yields. To avoid problems 
| inherent in belt drives, all power is con- 
| veyed to the ion source by insulated 
| shafts. 
| The Arkansas power supply is oper- 
lated without a pressure enclosure at 
|atmospheric pressure. Larger acceler- 
| ator dimensions are required, but hous- 
ing requirements are about the same as 
|for pressurized devices in view of the 
{room required for removal of the 
| pressure shell. 

The installation is considered ‘as a 
| prototype; others will be designed and 
| built to order. Designs are available 
| with beam energies of 200-750 kv and 
| total beam currents to 10 ma. 
| ARCO is offering direct-current ac- 
| celerators in two categories. The first 

has the conventional cascade rectifier 
power supply described above. The 
second, for greater potentials is a 
|device that stacks several Cockcroft- 
| Waltons in series to get higher output 
| potentials than are otherwise available. 

Each section of the stack is a pres- 

|surized, unfiltered cascade rectifier in 
itself, supplied by its own permanent- 
magnet generator. All generators are 


driven by the same motor through ap 


insulating shaft, and their phases are 
adjusted so that the ripple is reduced 
to a minimum, 

ARCO is prepared to build gener- 
|ators with 3-Mv and 5-ma outputs. 
| They can be used to accelerate either 
| positive ions or electrons. It is pre- 
dicted that they will be useful for re- 
}search purposes and competitive for 
|commercial radiation processing. 


Philips Offers Range of 
‘Outputs to 1,750 Kv 


Three models of nonpressurized 
Cockcroft-Waltons with output po- 
‘tentials to 700 kv and pressurized 
| models with outputs of 1.0 and 1.75 Mv 
j}are available from Philips Electronics. 
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nonpressurized accelerators (see | 


2) have two high-potential stacks, 


one for the cascade-rectifier unit and 


the other for the accelerating tube and | 


pple-smoothing filter. In some in- 
third stack is 
r filtration between the other 


stallations a used for 


rurtine 


10 
d 200-kv peak inverse potential sup- 
the rectification. An r-f ion source 
ounted in the corona shield on top of 
Three 
this 
d enclose, respectively, the control 


Selenium rectifiers rated at ma 


ecelerating-tube section. 


iting columns supporting 


ds for the ion source, the driving belt 


ts power generator, and the 
moothing filter. 
- separate stabilizing 
over-all stability of the ac- 
ting potential to 1 part in 1,000. 


slow fluctuations a reference volt- 


systems 


the 


s tapped from a resistance-capaci- 
livider and compared with a 
zed low-potential supply. The 
signal is amplified and fed back 

the field of the 500-cps 

rator that serves as a primary ex- 


ntrol 


Fast fluctuations are suppressed 
ectronic regulator standing be- 


the cascade generator and 


essurized models the acceler- 


y tit 


OUTPUT 
VOLTAGE 


403M 


500 to 1600 
volts 


Otol ma 


OUTPUT 
CURRENT 


OUTPUT 
POLARITY 


REGULATION 03% max. from 
VS. LINE 100 to 130 volts 


REGULATION 
VS. LOAD 


03% no load 
to full load 


eee fl 
STABILITY 02% per hour 


RESOLUTION | 100 mv at any 
j output voltage 


CALIBRATION | 2: 
ACCURACY 


RIPPLE 


5 mv max 


SIZE AND 
WEIGHT 


19°W x7 
13” D 


H x 


22 Ibs 


PRICE 


$209.00 


500 TO 2000 VOLT RANGE 


HIGH STABILITY DC POWER SUPPLY 


(model 404M pictured) 


E> 


402M 
500 to 1600 
volts 


Oto 1 ma 


pos. or neg. 


03 % max. from 
100 to 130 volts 


03% no load 


to full load 


1% per hour 


100 mv at any 
output voltage 


5 mv max. 


1o°W x7"Hx 
13” D—22 Ibs. 


265.00 


JOHN FLUKE MANUFACTURING COMPANY 
Seattie, Washington 


1111 West Nickerson 


| 400CEM 


500 to 1600 
| volts 


0 to 1 ma 


pos. or neg. 


01% max. from 
100 to 130 volts 


01% max. no 


load to ful! load 


005% per hour 


100 mv at any 
output voltage 


Better than 1% 


19”'W Rack x 
7H x 13"D 


$395.00 


404M 
500 to 2000 
volts DC 


0 to 5 ma at 
500 to 1500 
volts; 0 to 2 ma 
at 1500 to 2000 


01% max. from 
100 to 130 volts 


.03 % no load 
to full load 


.005% per hour 


100 mv at any 
output voltage 


Better than 1% 


$435.00 


405 


600 to 3100 
volts DC 


0 to 15 ma DC 


pos. or neg. 


01% max. for 
20% line change 


01% max. for 


2 ma change 


005% per hour | . 


10 mv at any 
output voltage 


Better than .5% 
Less than 5 mv 
MS 


19”°'W x 10)”H 
x 14” D—46 lbs. 


$595.00 


400BDA 


500 to 5100 
volts DC 


0 to 1 ma 


pos. or neg. 


01% max. from 
100 to 130 volts 


01% max. no 


load to full load 


% per hour 


100 mv at any 
output voltage 
1% 


5 mv max. 


19°W x 103”°H 
2 








ve is on the central axis of the | 


id three supporting tubes are | 


The 


that drives the generator for 


symmetrically around it. 


ion source is enclosed in the 


tank. 


ire 


American Instrument Uses 
Oil-lmmersed Power Supply 


Unusual compactness and flexibility | 


ible in the oil-immersed cas- | 
ver supplies and caster-mounted | 


urce and accelerating tube pro- 
sa unit by the American Instru- 


ion so 
duced 
ment ( 
Four AMINCO 250-kv units 
urrently in use at the following labo- 
ratories: U. 8. Naval Research Labora- 
tory, Los Oak Ridge, and 
Argonne National Laboratories. 
The high-potential terminal is con- 
ted to a cabinet that houses the ion 
yurce and associated electrical equip- 
nt. In the 250-kv unit four tubular 
insulating columns support the ion- 
caster-mounted 
of the columns 
powers the 
of the 


Alamos, 


nec 


source cabinet 


on a 
bas Through one 
runs the belt that 


sour Manual 


ion 
control 
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LEVINTHAL 


ion | 


Grown in a new facility backed by several 
years of research, Levinthal Nal(Tl) crystals 
are supplied in o variety of forms all having 
the advantages of improved uniformity of thal- 
lium distribution and improved optical clarity 

Crystals rough-cut, in standard housings, or 
in mountings to meet special requirements con 





| LEVINTHAL ELECTRONIC PRODUCTS, INC. 
PALO ALTO 3, CALIFORNIA 


| STANFORD INDUSTRIAL PARK 


thallium -activated 


sodium-iodide crystals 


be provided in any sizes or configurations ob- 
tainable from 5-in. diameter by 4-in. length 
ingots. 

Ask also for details on the 2-in., 3-in., and 
5-in. Levinthal Scintillation Transducers: in- 
tegrally packaged crystals, photomultipliers, 


and preamplifiers. 
L 
\ NUCLEAR DIVISION 
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PHOTO COURTESY GAYLORD PACKAGING CORPORATION 


Heart of the* ® system for control of sheet 
extrusion is U. S. Radium’s sealed beta source, developed and fabri- 
cated for this specific installation—one of thousands where U. S. 
Radium’s radioactive products are now in use. 

United States Radium Corporation offers beta, gamma and 
neutron sources in a wide range of configurations, intensities and 
energies. Beta sources by U.S. Radium employ such radioisotopes 
as H’, C!4, Ni®%, Pm!47, T1294, Kr55, Sr9° and others. Gamma sources, 
employing such natural or artificially-produced radioisotopes as Ra, 
Co®®, Cs!37 or Eu'? are fabricated to specification. Neutron sources, 
calibrated or uncalibrated, are available in radium-beryllium, 
radium D-beryllium, polonium-beryllium and actinium-beryllium. 

Light sources, utilizing H*, C!4, Kr5, Sr9°, Pm!47,T]294 and others, 
are designed for marking and signalling applications, and are 
obtainable with brightness levels to 1000,,1. Other types 
of markers and luminous compounds are offered. 

Details on light sources appear in Bulletin 30.30, 
available on request. 

U.S. Radium will consult on design of beta, gamma 
and neutron sources to meet your specifications. Write 


) department Fi. 


* Registered Trade Mark Industrial Nucleonics Corporation 
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|APPLIE 


source is provided through 26-in.-long 
| Lucite rods. 

The ion-source is shown in Fig. 3. 
for the 
chamber that contains hydrogen and 


10-* mm of Hg. 


Ions beam are formed in a 


deuterium at 1.5 
A 300-ma arc is maintained between a 
filament and the open end of this cham- 
ber, and ion-making electrons from 
the 
spiral down the chamber axis by a 
solenoid field. Positive ions that drift 
out of the chamber are drawn into the 


are and filament are caused to 


Filament 
terminol 


\ 








Arc 
| chomber 


<A. >» 
electrode 


FIG. 3. In American Instrument’s ion source 
electrons ionize deuterium-hydrogen mix- 
ture 


accelerating tube by a negative voltage 
a probe. This injection voltage 
can be controlled between 0 10 
kv and is used to help focus the beam. 
Beams of up to 250 wa can be focused 
to less than 1-mm diameter or spread 


on 
and 


uniformly over a circle of up to 6-mm 
diameter. 

The accelerating tube consists of Py- 
rex-insulated aluminum electrodes ce- 
mented together. Textolite rods hold 
the column in compression, and Monel 
orona rings connected by resistors and 
protective spark gaps maintain a uni- 
form potential gradient and prevent 
breakdowns within the tube. Flapper 
valves and roughing valves make it 
simple to break the vacuum in the 
target section, the accelerating section, 


UNITED STATES RADIUM CORPORATION 


Offices: Chicago, Illinois and No. Hollywood, Calif. Affiliates: Radelin-Kirk, Ltd, |or both without shutting down the 


MORRISTOWN, N. J. 
Toronto, Canada and United States Radium Corp. (Europe), Geneva, Switzerland 


vacuum system. 
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Radiation Shielding 


By B. T. PRICE, C. C. HORTON and K. T. 
SPINNEY (Pergamon Press, London, 1957, ix + 
350 pages, $10.00). 


ewed by K. 
tical Department, 
Inc., 


H, Purecuyt, Manager, 
Walter Kidde 


Laboratories, Garden City, 


} 


Considered as a review article, this 
s a most valuable publication. 
content is broader in scope than 
other book yet written on 
ling and the detailed bibliography 
Where the ‘‘ Reac- 
Design Manual” (NU, 
56, p. 90) deals only with reactor 


DOOK 


te « omplete. 


Shielding 


lng Price et al. also cover in some 
detail shielding of accelerators and ra- 
In particular, the section 


dioisot« pes, 


on electron and secondary brems- 
strahlung shielding is more complete 
than discussions found elsewhere. 

An individual well versed in general 
find ‘‘ Radiation 


Shielding”’ a convenient starting point 


nuclear theory will 
for specializing in shield design. An 


ngineer, however, will derive much 
from one reading since some famil- 
iarity with such topics as neutron slow- 
ing-down theory, wave-particle dual- 
ity, electron-shell structure, essentials 
of nuclear structure and radiation-de- 
tection 
Actually the references to these topics 
ch that a reader familiar with 
subject of radiation shielding real- 

res that lack of knowledge in these 
lds is no great limitation for the ini- 


tial understanding of shielding phe- 


instrumentation is assumed. 


nomena. However, for a less informed 
reader such references may introduce a 
Minor 
the presentation of topics could have 
| this difficulty. 
‘Radiation 
t seem suitable as a college 


handicap. reorganization of 


itself, Shielding” 
1dvanced undergraduate or 
students. Elementary the- 

ch as radioactive buildup and 
decay and neutron-diffusion theory are 
described in detail, while more elabo- 
rate theoretical procedures such as age 
theory, transport theory, and the poly- 
method for attaining solutions 


transport 


nomial 
equation are de- 
| all too briefly. A happier me- 
would seem to lie between these 
wo extremes. The wide brush tech- 
ipplied to the more advanced 


theoretical 


niqui 
procedures is acceptable 
only bec 


ths ure 


ause of the specific references 


given. 
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As a shielding handbook, this vol- | 
ume is useful in that many formulae | 


and graphs of both theoretical and 


experimental results are 


| 
Since one cannot expect all data to be | 


included in any one volume, for this 
purpose the book seems to be a worth- | 
the ‘Reactor 
Shielding Design Manual.” 

The last chapter is a down-to-earth 
chronological description of how a re- 
The | 


resentation is good; however, the ex- | 
| 


while complement to 


actor shield design is evolved. 


planation is given by constant referral 
A bet- 
ter approach would have been to re- 
peat the carry | 
through a shield design working with 


to equations in other chapters. 


equations and also 
a particular reactor. 

While presenting much information | 
in readily usable form, little original | 
work seems to have gone into the prep- : 
aration of this book. | 
curs in the description of buildup | 
factors for gamma-ray attenuation. 
Tables and curves are given for plane 
monodirectional source buildup fac- 
tors and point isotropic source buildup 
factors, as obtained by the moments | 
method. also given of | 
Peebles’ buildup factors for slant pene- | 
trations as obtained by the method of | 
successive attempt 
has been made to obtain correlation | 
between Cer- | 
tainly, a few simple integrations could | 
have yielded a comparison. 

Any book covering such a broad | 
scope can be expected to suffer from a 
In the discus- | 
sion of neutron-attenuation procedures, | 
diffusion theory, age theory, and re- 
moval-cross-section theory are pre- | 
sented. It that multi- | 
group methods should also have been 


An example oc- 


; 
Curves are 


scatterings. No 


these two methods. 


number of omissions. 


would seem 


considered. Another omission occurs 
in the discussion of radiation leakage | 
from the reactor core. Probably the | 
most accurate procedure, that sug- | 
gested by Feynman and commonly | 
used for calculating neutron leakage 
from a fuel element in estimating the 
fast fission factor, is completely ig- 
While the discussion of rela- | 
may be | 
suitable for shielding, for a | 
book that is intended to cover the 
broad field of radiation shielding, the 
discussion seems totally inadequate. 


nored. 


tive biological effectiveness 


reactol! 


These omissions are counterbalanced 
to a considerable extent by the inter- | 
esting information that is not generally | 


| 
presented. | 


MEMORANDUM: 


From the Desk 
of the President 





To: Purchasing 
Department 


Investigate Davison's 
entry into the 
thorium and rare 
earths field. Under- 
stand they are pro- 
ducing materials 
which should be of 
interest to us. 


They have a 
reputation for de- 
pendability of prod- 
ucts and service, 


Two plants, one at Pompton 
Plains, N. J. (formerly Rare 
Earths, Inc.) and one at Balti- 
more, Md. are in operation. 
Your inquiries concerning 
products, samples and research 
and development services are 
welcome. 


Progress Through Chemistry 


DAVISON CHEMICAL COMPANY 


Division of W. R. Grace & oS 


Baltimore 3, Md. and Pompton Plains, N. J. 


he 














PORTABLE FAST 
NEUTRON DETECTOR 


Special heterogenous scintillator 
Insensitive to gamma rays 

DRNR 1—full scale deviation for 

20 neutrons/sec/cm*. Price: $900 


DRNR 2—+full scale deviation for 
4 neutrons/sec/cm*. Price: $1300 


HIGH PRESSURE 
IONIZATION CHAMBER 


150 Kg/cm? Argon or Hydrogen. 
From 0.5 liters up to any volume. 
Price: from $250 


Other fabrications: 


Gamma ray spectrometers 

Non overloading amplifiers 
Multichannel analysers 

All Nuclear Laboratory equipments 


Societe D’Applications Industrielles de la Physique 
(S.A.LP.) 
146, Bd. de Charonne. PARIS, FRANCE. 














-. ase — Sis es a _ 


Lelab metal-walled G-M thes for enti-coincidence 
applications—where uniformity counts! 


Except for a glass bead insulator, Lelab Counter Tubes are constructed entirely 
of metal. The metal cylinder is used both as the envelope and the cathode. 


The restriction of all component parts within the diameter of the tube 
permits close stacking. Each counter is custom-built, filled, and tested in order 
to insure stability and uniformity. 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 


(Robinson-Selverstone Type) 


Made especially for neurological surgery and other purposes requiring a minia- 
ture probe tube. The small needle-like probe provides an ideal wav of measur- 
ing radioactivity in vivo and for probing small areas with a relatively strong 
field intensity. 


Write for complete information 


H. W. LEIGHTON LABORATORIES, York & Sunset Lane, Hatboro, Pa. 
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included in shielding discussions. This 
includes such items as the probability 
of backscattering of electrons incident 
upon various surfaces, the fraction of 
electron energy released as brems- 
strahlung and the fluorescent yield of 
materials irradiated by gamma rays. 
The authors write in a clear, un- 
stilted style that tends to sustain inter- 
est. After reading mostly technical 
reports on shielding, one is pleasantly 
surprised to find that the over-all sub- 
ject is amenable to such treatment. 


ALSO OF NOTE 


Logistic and Economic Feasibility 
Study on Radiation Sterilization of 
Foods (PB 121961). This study was 
made by North American Aviation for 
the Quartermaster Food and Container 
Institute for the Armed Forces. Vari- 
ous gamma sources, X-rays and acceler- 
ators are considered. It is concluded 
that electron accelerators are likely to 
be used for large-capacity plants re- 
quiring high radiation exposures, while 
gamma sources have an economic ad- 
vantage for low-exposure processes. 
107. p. Office of Technical Services, 
| U. S. Department of Commerce, Wash- 


ington 25, D. C., $3.26. 


| AEC biology and medicine reports: 
|The distribution of plutonium in the 
soils of central and northeastern New 
| Mexico as a result of the atomic bomb 
ltest of July 16, 1945, (UCLA—406, 
Sept. ’57, 23 p., 75¢); Biology and 
medicine quarterly report, April, 
May, June, 1957, Radiation Labora- 
tory, U. of Calif. (UCRL—3880, 33 
|p., $1). 


AEC metallurgy and ceramics reports: 
Growth rates and microstructural 
characteristics of 300° C rolled ura- 
nium rods on thermal cycling (ANL— 
1956, May °56, 22 p., 75¢); Effects of 
high burnup on natural uranium (ANL 

5539, May ’57, 45 p., $1.25); Inves- 
tigation of methods for end capping 
stainless steel pins (BMI—1090, May 
’56, 39 p., $1); Bubble stirring in a low 
temperature model of a fused salt 
electrolysis cell (KAPL—1762, July 
’57, 23 p., 75¢); The fast oxide breeder 

fuel irradiation experiments (KAPL 

1784, Aug. 57, 20 p., 50¢). Office 
of Technical Services, U. S. Department 
of Commerce, Washington 25, D. C. 
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High-Vacuum Valve 


S gh-vacuum valve (above) 
oice of flange dimensions 
between flange 
model VG-106T, is 
has straight-through 
uum Research Co., 420 


Francisco 11, Calif. 


space 


ting 
Var 


pal 


Humidity Recorder 
Microhygn 
luctuations in relative humidity 
ecording them on outsize 
chart, with readings <1% 
Chart 


24-hr period and has a +3% 


graph (above) makes min- 


humidity possible. 


Serdex, Inc., 91 Cambridge 


14, Mass. 


Lead Glass 


Ne -lead-content glass has been 
sig r use In Cerenkov spectrom- 
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eter for ultra-high-energy particles. | 


This glass permits better energy resolu- 
tion than any glass currently used in| 
Glass is | 


this type of spectrometer. 
crystal clear, with a specific gravity of 
4.63 and an index of refraction of 1.724. | 
It weighs 282 lb/ft*—Corning Glass | 
Works, Corning, New York. 


| 


‘ Miniature Potentiometer 


Model DM, miniature precision poten- | 
tiometer, is available from 10 ohms to 
50 k and features a 0.2% resolution. 
Unit has 320 deg rotation, and tem- 
perature range —55° C to +150° C.| 
It is 44 in. in dia and weighs 0.1 oz.—| 
B-H Electronics, PO Box 25124, Los 


Angeles 25, Calif. 





Temperature Scanner 


Multipoint temperature scanner has 
4-56 outlets 
nected to a stepping 
pling output of each thermocouple. 
then to signal 
terminals of a contact meter. Alarm 


thermocouples con- 
switch for sam- 


fe r 


Signal is delivered 
sounds, light corresponding to offend- 
ing thermocouple flashes, and scanner 
stops at particular point when preset 
Scanning rate can 
Each 


limit is attained. 


be as rapid as 49 sec/point. 
lamp is lighted separately as its corre- 
thermocouple is scanned, 


Tipptronic, 


sponding 
Scanner is shown above. 


Inc., Chagrin Falls, Ohio. 


Portable Monitor 


Model GR-10, portal radiation monitor | 
consists of a doorway frame containing | 
19 bismuth-lined G-M 
tivity is <0.l we. Positioning of these | 
tubes provides continuous length of | 
the Fast | 
allows | 


tubes. Sensi- 


frame. 


1-2 sec, 


detectors within 


meter response time, 


UCLEAR 
COMPONENTS 


PRESSURE VESSELS 


CANNED PUMPS 


HEAT EXCHANGERS AND CONDENSERS 





For information, write: 


At 


C. H. Wheeler Mfg. Co. 





Low cost 
multi-channel 


PULSE-HEIGHT 
ANALY ZEK 


20 channels 
100 spectrum points 


$4390 

FEATURING: 

% Building Block Design — Installation 
can be expanded as desired 

% 10 to 50 channel! capacity 

% 5 digit direct readout 

% Excellent stability & resolution 

% Window amplifier system yields 50 to 
250 spectrum points 

% Simplified operation—easy to maintain 


The Eldorado Model PA 400 brings 
multi-channel analysis within the 
budget range of even the smallest 
laboratory. Expandable from 10 to 
50 channels, the building block de- 
sign enables the user to purchase a 
basic instrument and add additional 
10-channel increments as needed. 
The window amplifier circuit pro- 
vides for a continuously variable se- 
lection of any 20v segment of spec- 
trum under study. With this design 
up to 5 times the number of data 
points as there are available chan- 
nels can be obtained. 

By adding an Eldorado Model 
TH 300 Time-to-Pulse Height Con- 
verter, the above system becomes a 
Time-of-Flight Spectrometer and a 
Milli-microsecond Time Interval 
measuring device. 


SPECIFICATIONS 
INPUT PULSE RANGE: 5 — 105v 
COUNT STORAGE: 105 counts per channel! 
CHANNEL STABILITY: + 15 mv referred 
to the window amplifier input 
PRICE (f.0.b. factory) 
10 channels — $2990 
30 channels — $5790. 
50 channels — $8590 
Write for complete technical information. 
Address department N}___ — 


Etildorado 
Electronics 


2821 Tenth Street 
Berkeley 10, California 
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Mini- 


mum alarm setting is adjustable for 


rapid passage through portal. 


local radiation background conditions; 

it is set at twice the background radia- 

tion level. 
| ica, 196 


om 2 


Degraw St., Brooklyn 31 


Solid-State Battery 


“‘Dynox 95”’ solid-state battery (above) 
provides 95 + 3 v in a 0.14-in*® volume 
and is capable of being drained at 
1.5 X 10-7 amp for 1,000 hr with 
<10% voltage drop.—Patterson, Moos 
Research Div., Universal Winding Co., 

| 90-28 Van Wyck Expressway, Jamaica 
18, N. Y. 


Magnetic Flowmeter 


Magnetic flowmeter (above) for such 
liquids as acids and slurries has manual 
adjustment for setting flow rate at full 
scale (the 1-in. meter can be set to han- 
dle 3-40 gpm at full scale, the }4-in. 
Readings are 


meter as low as 1 gpm). 


unaffected by velocity profile, density, 
or viscosity; voltage changes between 
90-125 v and frequency changes be- 


J 


tween 55-65 cycles have no effect on 
readings.—Fischer & Porter Co., 458 


Jacksonville Rd., Hatboro, Pa. 





Nucleonic Corp. of Amer- 





LAMINATED 
PLASTIC 


RADIATION 
DANGER SIGNS 


° Full 7” x 10” in sizel 
* Piastic—indestructible! 


* Each sign carries warning in 
English, German & Spanish! 


$ 


ONLY EACH 


QUANTITY DISCOUNTS AVAILABLE! 
ORDER DIRECT FROM 


Health Physics 


Services 


1109-13 Low St. 
Baltimore 2, Md. 








Model 1230: 5 sources, $150 


CALIBRATED GAMMA 
REFERENCE SOURCES 


Six reference sources (Cobalt-57, Barium-133, 
Cesium-137, Manganese-54, Sodium-22, Cobalt- 
60) providing both known gamma ray energies 
and intensities . . . ideal for qualitative and 
quantitative techniques, Useful with all types 
of gamma sensitive detectors . . . designed par- 
ticularly for well-type scintillation detectors. 
Each source with an activity of less than 0.1 uc 
(no AEC license required), yields about 50,000 
to 00,000 CPM above 20 KEV. Isotope perma- 
nently sealed within lucite holder. 


Technical bulletin with complete decay schemes 
and specifications available on request. 


new england > corp. 
575 ALBANY STREET, BOSTON 18 


SALES REPS: Atomic Associates, Inc., Packard 
Instrument Sales orp., Radionics, Ltd., 
(Montreal). 
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——a 


=. 


Model CL-10 “‘Dynatrol” (above) is 
for | 
row-range proportional control of liquid 
. This control has a 
e-acting output signal that varies 


at 


Slurry Level Control 


or siurr\ levels. 
posit \ 
with the extent of immersion of the 
120 S 


be ing 


3.000 


vibrating paddle in the medium 
detected. The unit is rated for 
psig and 115 v It can be 
mounted in any position with only a 
pipe opening required.—Auto- 
Products, Inc., 3030 Max Roy 
St., Houston 24, Texas 


a-c. 


>4-1n 


matiol 











Electrometer 


Model 33B (above) is designed for use 
instrumentation 
losimetry in conjunction with 


in nuclear 
X-ray 
1onization ¢ hambers. 
adapters can measure currents of 
10 0 amps and _ resistance 


ip to 5 X 10" ohms. 


abl 
in 
Input 
ranges are 10, 30, 100, 300 mv and 1 v. 
Input resistance is 10'* ohms.—Instru- 

Robertshaw-Fulton 
2920 N. Fourth St., 


phia 33, Pa. 


ranges 


Division, 
Controls Co 
Philad 


ment 











Disposable lon Exchanger 


Model XE-14 (above) disposable ion 
exchanger is shipped complete and 
ready for use. It is made entirely of 
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and for | 


Unit with avail- | 


gh and low point detection or nar- | 


~“ 


gh 
+3 


a’ 


One of two 4'2 foot thick radiation shielding windows Continental Oi! Com- 
pany has in its new hot cell. Hot cell walls are 52 feet thick. Corning engi- 
neered and built the windows ready to install. 


What happens when a new 


| 


| If you’re building a lab for atomic re- 
|search, most likely there’s a hole in 
your plans—right in the hot cell wall. 

Here’s how Continental Oil Company 
| found the shielding window just right 
|to fill the hole, how Corning 
helped them do it. 

First Conoco specified the wall thick- 
ness, the energy level, and the desired 
viewing area of their new hot cell to 
Corning engineers. They emphasized 
that they wanted protection; yet they 
did not want to sacrifice visibility. 

Then Corning engineering took over. 


and 


1. We determined size of the window 
in respect to the viewing area—kept 
size at a practical minimum. No extra 
glass, no extra cost. 


|2. We decided which glasses to use— 


| whether to use one, two, or three of the 
| special glasses we've developed to do 


CORNING 


W 


hot lab goes window-shopping 


the job. Corning glasses give maxi- 
mum visibility. 

3. We determined thickness to give 
Conoco the safety they wanted. Corn- 
ing Code 8362 glass was included—it 
gives more shielding per dollar than 
any other glass. 

4. And finally, we built the window 
and delivered it ready to install. 


Conoco got all they wanted 
and then some. They had a window 
that was clear as crystal, that gave 
them maximum protection, and that 
was, in addition, resistant to radiation 
darkening and was self-recovering. 
And, Corning’s skill with glass has 
developed a permanent glass that poses 
no periodic renewing or replacement 
problems. 

To find out more write for a copy 
of Corning Bulletin PE-S1, “Corning 
Radiation Shielding Windows.” 


GLASS WORKS 


16-1 Crystal Street, Corning, N.Y. 








New McGraw-Hill Handbooks 





ENGINEERING MATERIALS 
HANDBOOK 


Edited by Charles L. Mantell 


Dept. of Chem 


Consulting Engr., Chairman 
of Engrg 


Engrg.. Newark College 
Gives answers to both routine and specialized 
questions regarding the choice of engineering 
materials. Technical tables, design information 
structural on acteristics, and tabular data—a 
wealth of useful and specific facts—are made 
quickly available. Consiiens materials from the 
viewpoint of engineering s machinery 
and equipment. Each of was 
prepared by one or more 
150 of these experts cover 
terials, and inorganic materials 


uctures, 
‘the 43 sections 
ialists. A staff of 
metals, or ma 


spec 
ganic 


Emphasis on fabricated materials 
fabricated forms 
and me 
limitations 


Emphasis is placed on the 
of materials, their phy 
Properties, adaptation, advantages 
comparison with each other, wear re 
and other facts of design importance 
pp., 648 illus., $21.50. 


sical chanical 


tance 


1906 








2 


PROCESS INSTRUMENTS 
and CONTROLS HANDBOOK 


Edited by Douglas M. Considine 


Hughes Aircraft Co., 
in all fields of 


Here are the 


71 experts 
ntation 


with the aid of 
nstrume 


instrumentation techniques to 
help you detect, measure, record, and control 
industrial processes From simple measuring 
instruments to complex mathematical tech- 
niques for analyzing and solving instrumenta 
tion problems, you will find here the kind of 
help that is valuable, time-saving, and based 
on the best experience in the field. Among 
subjects covered ment standards 
primary elements, systems, indi- 
cators and ‘recorders 
timers and program 
pneumatic telemetering 


measure 
urement 


are 
meas 
automat controllers 
and 
rents 


controllers ectrit 
final control elen 
Giant fold-out charts 
fold-out charts 
describe 104 separate techniques 
analysis, covering application 
Practical instrumental considerations, cost 
pp., 1137 illus., $19.50. 


the book 
ihietati al 
techniques 


back of 
tor 


at the 


Large 


etc 


| D-e voltages up to 30 kv 











10 DAYS’ FREE EXAMINATION 


McGraw-Hill Book Co., Dept. NU-1 
327 W. 41st St., N.Y.C. 36 
Send me book(s) checked below for 10 days’ 
D cmantantion on approval. In 10 days I will 
remit for book(s) I keep, plus few cents for 
| delivery costs and return unwanted book(s 
postpaid. (We pay delivery mit 
with this coupon turn 


() Mantell—Engrg. Materials Hdbk., $ 
C) Considine & Cont. 
$19.50 


cost if you re 


same re privilege 


Process Inst. "end 


le (PRINT) 
Name 


Address 


Company. . 
| Position 


{ For price and terms outside U. S., 
Rec McGraw-Hill Int’l., NYC. 


ised ties ih cous ame exes cee com com com onl 
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stainless steel and can contain any one 
of a number of nuclear-grade ion-ex- 
change resins, the two most common 
types being the XE14-77 cationic ex- 
changer and the XE14-150 mixed-bed 
exchanger. If the XE14-150 is used in 
systems having appreciable turbidity, 
some prefiltration must be used. In 
these cases special strainers will be fur- 
-Beleo Industrial Equipment 
Manufacturing 


Ave., 


nished. 
Div., Bogue Electric 
Co., 100 Pennsylvania 


3, N. J. 


Paterson 


‘Kilovoltmeter Multiplier 


can be meas- 
ured with voltmeter multiplier (above 
for 100-ua meter 


has +2% accuracy. 


Unit is designed 
movements and 
A 4-in. panel meter calibrated 0-30 kv 
with this 
Del Electronics Corp., 

Avenue, Mt. Vernon 


for multiplier is also 


available. 


use 
521 
Homestead 
N. Y. 


Rare Earth Metals 


The rare-earth metals gadolinium (Gd), 
(Dy), (Er) 
yttrium (Yb) are offered in commercial 
quantities.—Rare Earths and Thorium 
Div., Michigan Chemical Corp., Saint 
Louis, Mich. 


dysprosium erbium and 


10-Turn Potentiometer 


Model 7603, a 10-turn precision poten- 
tiometer for servo mounting, is 113 
n. in dia with total resistance from 350 


to 450,000 ohms. Ambient tempera- 


16 





e ® 
Hi-D 
LEAD GLASS WINDOWS 
IN CONCRETE WALLS 











WIDE ANGLE 
OF VIEW 








Hi-D Lead Glass Windows in con- 
crete walls are dry, and hence are 
completely dependable. Where the 
viewing problem is mainly wide- 
angle vision, Hi-D Glass is fully com- 
petitive in price with zine bromide. 





LARGER SIZES NOW AVAILABLE 





Send for circular GS-4 


PENBERTHY: 
INSTRUMENT CO. 


4301 Oth AVE. SOUTH + SEATTLE 8, WASH 























TRADE -MARK 


SCINTILLATION 
PHOSPHORS 


FOR LIQUID AND PLASTIC COUNTING 
Alphanaphthylphenyloxazole, ANPO A 
Band-Shifter or Secondary Solute, for Liq- 
uid Counting—Fluorescence Max. 4050 A 
Diphenyloxazole, DPO: A Primary Solute, 
for Liquid Counting—Fluorescence Max. 
B00 A 
Phenylbiphenylyloxadiazole, 
mary Solute, for Liquid Counting 
cence Max. 3700 

POPOP: A Band-Shifter or Secondary Sol- 
ute for Liquid Counting—Fluorescence 
Max. 4200 A 

p-Terphenyl: Least Expensive 
ute, for Liquid and Plastic 
orescence Max. 3460 A 
Tetraphenylbutadiene, TPB: For 
p-Terpheny! in Plastic Scintillators 
cence Max. 4320 A 

Cadmium Propionate, anhydrous: A Highly 
Efficient Neutron Captor—Cadmium Con- 
tent: 43.5% 


PBO: A_ Pri- 


Fluores- 


Primary Sol- 
Counting—Flu- 


Use with 
I luores- 


Available from stock or from our Distrib- 
vtor, together with his many services in 
this field—write to Dept. ‘‘K" for free 
booklet on these products. 


Exclusive Distributor of 
ARAPAHOE Scintillators is TRACERLAB, INC. 
of Boston, Mass., and Richmond, Calif. 


ARAPAHOE CHEMICALS, INC. 


2800 PEARL STREET * BOULDER, COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 
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-HILL 


McGRAW 


whatever .@ 
your 
publication needs... 


Equipment Manuals — Product Cata- 
logs — Handbooks — Training Aids - 
Industrial Relations Literature — Pro- 
cedural Guides — Engineering 
Presentations ——— and any type of 
technical literature 


use our speciglists in ——— 
WRITING . . . EDITING 


ILLUSTRATING .,. PRINTING | 


McGRAW-HILL 


Technical Writing Service* 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 
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ture range is —55° to +80° C, with a 
5 watts at 40° C. 
Model’s life expectancy is 2 million | 
revolutions. —Beckman/ Helipot Corp., 
Newport Beach, Calif. 


power rating of 


Operations Recorder 


Millisecond Operations Recorder 
(MOR) system keeps all equipment 
operations sequentially on a printed 
digital tape. Time differences of 10 
msec between events are distinguish- 
able. Unit is completely transistor- 
ized.—Fischer & Porter Co., 253 
Jacksonville Rd., Hatboro, Pa. 








High-Vacuum Station 


Model VS-9 (above) is a multipurpose 
high-vacuum pumping station incorpo- 
rating the following features: fast 
pumpdown; 
vacuum; high-speed air-cooled diffusion 
pump with an 85-l/see capacity and no 
water connections required; 
cold trap that will operate 8-10 hr on 
one filling; full valving, including rough- 
ing line; stable ion gage circuit that has 
a measured drift of <2% of full scale | 
per day and permits readings down to | 
2x10" Veeco Vacuum 
Corp., 86 New Hyde 
Park, L. 1., 


mm Hg. 
Denton Ave., 
N. Y. 


Two High-Speed Switches 


e Up to 90 circuits per pole can be 
sequentially “ break-before- 
make” at any constant speed up to 
1,800 rpm with new high-speed rotary 


switched 


better than 10-*-mm-Hg | 


low-loss | 





Each circuit can be switched | 
with noise levels <20uv and contact | 
resistance variations. <0.05 ohms dur- | 
ing 500-hr life. Insulation resistance 


switch. 





Dependable ! 


INSTRUMENTS by MEILLON 
THE “MONITOR”... 


Accurate DOSIMETER for PER- 
SONAL PROTECTION. Indis- 
pensable for the SAFETY of the 
Scientists, Radiologists, Physicists, X- 
ray technicians, and all persons ex- 
posed to radiation from Radium, 
Isotopes, and X-rays. 


The “MONITOR” is a UNIQUE 
instrument which will warn with an 
AUDIBLE buzzing alarm when the 
safe maximum daily radiation dose 
of 20mr. or 30mr. has been received 
by the bearer. It is positively a LIFE 
SAVER. After sounding the alarm, 
by simply pressing a button for 5 
seconds, the MONITOR is ready 
for a new measurement. . . . This 
instrument can also measure partial 
doses, and also the irradiation rate. 
The “MONITOR” can be supplied 
for 20mr. or 30mr. State which is 
desired. 

Operates with self-contained re- 
chargeable Batteries. Weighs 12% 
ounces, and measures 444"x254"x11,,” 
so that it can be carried combectbly 
in the pocket while exposed to radi- 
ation. Extra equipment includes a 
BATTERY CHARGER, and a 
BETA-ray source preparation de- 
vice, necessary to test easily accu- 
racy, and to measure partial dose, etc. 
The “MONITOR” has gone through 
exhaustive tests and it is a perfected 
precision instrument made in GER- 
MANY by PTW World Famous 
Mfrs. of the BOMKE, SIMPLEX, 
DUPLEX Printer, CONDIOME- 
TER Dosimeters, etc. 


Our Fu.m Prorec- 
TION Bapoes incor- 
te 3 different 
Iters and one O 
filter, which will 
give both the dos- 
age and the respec- 
tive kind of radia- 
tion. The Badges 
are supplied in 4 
different Colors 
lack, Wine, 
reen and Grey) 
which will permit 
the easy identifica- 
tion of a definite 
period of time or 
different Departments. 


Wire or write to 


GEORGE T. MEILLON Inc. 
132 Nassau St. 
New York 38, N.Y. 
— DISTRIBUTORS in 


U.S.A., Possessions, etc. 

















EXPERTS COUNT On 
PILOT QUALITY 


for scintillating plastics and fluors. 


IN PLASTICS 
PILOT SCINTILLATOR B* has the highest pulse height and 


the shortest decay time of any commercial plastic scintillator. 
We have supplied it in sizes from 16” diameter by | foot long 
down to small sheets .01” thick. 


IN FLUORS 
We have seven years’ successful experience in supplying FLUO- 
RESCENT CHEMICALS FOR LIQUID SCINTILLATORS. 


Among those currently offered are: 


Diphenyloxazole * alpha-NPO 
PBD * POPOP 


Send for bulletin #561 * U.S. Patent 2,710,284 


PILOT CHEMICALS, INC. 


36 Pleasant Street Watertown 72, Mass 











ACCURATE 
RAPID 
ECONOMICAL 


48 DOMESTIC & WORLDWIDE 


con Film Badge Service 


For BETA, GAMMA, X-RAYS; NEUTRONS (1 week) 


Clip-on, wrist 
or ring style 


We don't keep you waiting! You're entitled to—and you get—speedy ‘‘local'’ service no 
matter where you are located: U.S., North America, overseas. Just airmail your feather-weight 
exposed films to us. Accurate exposure reports are airmailed back within 48 hours after film 
is received. U.S. users who airmail film to us receive reports within 4 to 5 days; foreign 
clients, within 1 week. Ten-to-one, that's better service than you are now getting. 

In film badge service, reliability counts, too. Our 5-filter system assures highest accuracy 
over a wide range of energies and exposures. Records are permanent and legal. 

Ask for Bulletin 20. Let us quote on your particular needs. Our low prices will surprise you. 


Instruments for 
Research, Medicine, 
Education, Industry, 

Prospecting. 
Catalog on request 


NCA ele Rte) Si lemier.yc- mm) aval lala: 


196 Degraw St 








Brooklyn 31 N.Y. 
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is >100 meg. This switch requires 
<40 watts of single-phase, 400-cycle 
(60-cycle available on special order), 
115-v, a-c power.—Instrument Devel- 
opment Laboratories, Inc., 67 Me- 
chanic St., Attleboro, Mass. 
® New high-speed sampling switch has 
40 individually replaceable contacts. 
The switch can be supplied in multi- 
deck configurations with various num- 
bers of contacts per deck and with 
various motor speeds and voltages. 
Specifications include: dynamic con- 
tact resistance <0.25 ohms; open cir- 
cuit resistance >1,000,000 meg; mini- 
mum switch cycle time, including 
breakaway, transit, and dwell times 
<500 usec; contact make-or-break cur- 
rent up to 10 ma; signal levels up to 
10 v.—The Magnavox Co., 2255 Car- 
melina Ave., Los Angeles 64, Calif. 


D-C Overpotential Tester 


The Model 3050-5 is the latest addi- 
tion to a series of overpotential testers. 
This unit features qualitative and quan- 
titative nondestructive dielectric test- 
ling and “burn” currents for positive 
fault identification. It has an output 
range of 0-50 kv at 0-5 ma; 0-5, -—20 
and -50 kv voltmeter ranges; 0—50, 

200, —500, —2,000 and -5,000 micro- 
amperemeter ranges; 105-125 v, 50-60 
cycle, single-phase input; reversible 
polarity and 2% ripple at full resistive 
load.—Beta Electric Div., Sorenson & 
Co., Inc., 333 E. 103 St., New York 29, 
N. Y. 


| 250-kv Supply 


| Model 4250 is an air-insulated sele- 
|nium-rectified 250-kv, 2-ma power 
supply. Unit has input voltage of 
105-125 volts, with ~2.5% ripple at 
internal 
megohms.—-Beta 


rated power output, and 
impedance of 11 
Electric Division, Sorenson & Co., 
Inc., 333 East 103 St., New York 29, 
ae 


Electronic Rack Cooler 


Model 1H300 rack mounted centrifugal 
blower delivers 100 cfm. Accompany- 
ing this unit is a series of matching 
filter grill assemblies—McLean Engi- 
neering Laboratories, PO Box 2208, 
Princeton, N. J. 
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MODEL 412 MERCURY RELAY 
PRECISION SLIDING PULSER 


for Precise Calibration of Single 
& Multi-Channel 
Pulse Height Analyzers 
AUTOMATICALLY 


Determines Window 
Widths 
Using Principle of 
Constant Angular NVENTIONAL 
Velocity 

Incorporates 

Both Manual 

Control and 

Precision 
Motor Drive 


Simulates Pulses 
from Scintillation, 
Proportional, or 
Geiger Counters 


MERCURY PULSER, Model 401 
Featuring Versatility and Precision 
SPECIFICALLY ‘seit ei 
DESIGNED 

for the 

NUCLEAR 

PHYSICS 
LABORATORY 


FAST RISE AND EXPONENTIAL DECAY 
SIMULATES SCINTILLATION, PROPOR- 
TIONAL OR GEIGER COUNTER PLUSES 
FOR TEST AND CALIBRATION OF AMPLI- 
FIERS, PULSE HEIGHT ANALYZERS, 
SCALERS, ETC. 








Model 412 .. 
Model 401 
Radiation Instrument Co. 
P. O. Box 773 Silver Spring, Maryland 





Fast pulse transmission equipment, 


PRODUCTS & MATERIALS 


Department starts on page 113 
LITERATURE AVAILABLE 


5 p.—Electrical & Physical Instrument 
Corp., 42-19 27 St., Long Island City 1, 
N.Y. $a35 StS 

Particle accelerators Bulletin H. 
shows Van de Graaff particle acceler- 
ators for research and industry.— 





| Burlington, Mass. 


| Twenty new instruments that have been 
| added to line of digital and analog in- 
| strumentation 


| Instruments, Inc., 
| Richmond, Calif. 


| Nuclear 


| bulletin SN. 
| 1601 Trapelo Rd., Waltham 54, Mass. 


| discussed 





interested 


ATOMIC 
ENERGY? 


We will be glad to send you a free 
prospectus describing Atomic 
Development Mutual Fund, Inc. This 
fund has more than 75 holdings of 
stocks selected from among those 
of companies active in the atomic 
field with the objective of possible 
growth in principal and income, 

For further details, mail coupon. 


Atomic Development Securities Co.,Inc. Dept. N 
1033 THIRTIETH STREET, N. W. 
WASHINGTON 7, D. C. 


NAME 





ADDRESS 
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High Voltage Engineering Corp., 





are noted in catalog 
C-704.—Berkeley Division, Beckman | 


2200 Wright Ave., | 


laboratory equipment— 
counting, sample preparation, person- 
nel protection and survey—featured in 
28 p.—Tracerlab, Inc., 


| High-voltage-supply unit, model 212, 


Radiation 
Instrument Development Laboratory, 
5737 S. Halsted St., Chicago 21, Il. 


in data sheet. 


| Potentiometers’ mechanical and elec- 
| trical specifications are 
rotating wheel display card.—DeJur- | 
Amsco Corp., 45-01 Northern Blvd., 


Long Island City 1, N. Y. 


presented on 


Membership roster and product di- 
rectory with listing of more than 250 
western states electronic firms.—West 
Coast Electronic Mfrs. Assn., 342 N. | 
LaBrea, Los Angeles 36, Calif. 


Moisture monitor, type 26-301, for| 
monitoring or control of trace quan- 
tities of moisture in gases or gaseous | 





; | mixtures, described in bulletin 1834A. | 
} |—Consolidated Electrodynamics Corp., | 


300 N."Sierra Madre Villa, Pasadena, 


| Calif. “4 


|Pumps, sealless plastic and stainless 
steel pumps, in catalog 10.0.—Vanton 
Pump & Equipment Corp., 201 Sweet- 
land Ave., Hillside, N. J. 


Ceramic research and description of 
firm’s activities in this field. 20 p.— 
Gladding McBean & Co., 2901 Los 
Feliz Blvd., Los Angeles 39, Calif. 





| Liquid level and flow controls used in 
| EBWR are described in 10-p booklet. 
|—Magnetrol, Inc., 2110 8. Marshall 
| Blvd., Chicago 23, Ill. 





Decontaminate 
radioactive clothing 
with American 


world’s largest manufacturer of 
laundry and dry cleaning equipment 


A complete planning service is available 
from The American Laundry Machinery 


| Company to help nuclear plants establish 


efficient decontamination and laundry 
facilities. 

This service, based on more than 89 
years’ experience in the textile mainte- 
nance field, includes detailed drawings, 
floor plan layouts and complete specifica- 
tions for each installation. Finished plans 
show the location, size and floor loads of 
all machines. Solvent, water, steam, com- 
pressed air and electrical requirements 
are computed, together with size and lo- 
cation of all service connections. Every 
detail necessary for an efficient, space- 
saving clothing decontamination depart- 
ment is included. 

In addition, American’s continuous 


| assistance is always available. Individual 


representatives, service engineers, local 
offices and repair depots are strategically 
located in 84 communities throughout 
the country. 


For complete information on how 
American serves the atomic 
energy field, send for 

Bulletin No. 2642. 


merican 





heed 
high vacuum 
compo 








The Stokes Model 217 High Vacuum Poppet 
Valve features a quick-acting positive air 
cylinder and is absolutely leak-free. Fully 
opening valve design provides maximum 
conductance. Dise and body are corrosion- 
resistant plated...actuating stem is 
chrome plated... flanges are standard 
4-, 6-, 10-, 16-, 24-, 30-, and 36-inch sizes 


all makes a complete line 
of vacuum components 
advance-designed and engi- 
neered to help make your vac- 
uum. systems more productive. 
Each.unit reflects Stokes’ un- 
paralleled experience, pioneering 
leadership and wealth of basic 
vacuum technology. 


The product list includes: Dif- 
fusion Pumps, Vapor Booster 
Pumps, Mechanical Pumps, 
Mechanical Booster Pumps, 
Vacuum Gages, and Valves. 


Send for technical data on any 
or all . . . without obligation. 


High Vacuum Division 
F. J. STOKES CORP. 
5561 Tabor Road, Phila. 20, Pa. 


STOKES 


nents ? 


PRODUCTS & MATERIALS 


Department starts on page 113 


Transistor test equipment listed on 
catalog sheet 101.—Electronic Re- 
search Associates, Inc., 67 E. Centre 
St., Nutley, N. J. 


*Tech-Talk,”’ a new technical news-| 


letter discusses developments in special- 
ized instrumentation..—_Schlumberger 


Well Surveying Co., Ridgefield, Conn 


Laboratory monitor model LM 48 dis- 
cussed in catalog sheet.—Radiation 
Instrument Development Laboratory 
5737 S. Halsted St., Chicago 21, Ill. 


Magnesium-thorium alloys, an evalua- 
tion of their properties and character- 
istics. 12 p.—Brooks & Perkins, Inc., 
1950 W. Fort St., Detroit 16, Michigan. 


Voltage regulators and their applica- 
tion to 12 different industrial problems 
in bulletin 5.00.2. 28 p.—Electric 
tegulator Corp., Pearl St., Norwalk, 
Conn. 


Piping hangers and supports, with 
technical information and _ specifica- 
tions in bulletin 551. Bergen 
Pipesupport Corp., 50 Church St., New 
York 7, N. Y. 


INDUSTRY NOTES 


20th Century Electronics has moved 
to King Henry’s Drive, New Adding- 


56 p. 


ton, Surrey, England. 


> Tracerlab, Inc. has appointed George 


T. O’Dea controller. 


P Allis-Chalmers Mfg. Co. has formed 
Allis-Chalmers International as a major 
operating division. The new division 
will be responsible for all manufactur- 
ing, engineering and sales outside of 
the U. S. and Canada. P. F. Bauer, 
formerly general manager, industrial 
equipment division, was named man- 


aging director. 


P Single Crystal Corp. of America, 
Saxonburg, Pa., has been formed and 
will grow single crystals, many with 
nuclear applications. 


P Ralph E. White, previously with 
Millrich Engineering Corp., has joined 
Riggs Nucleonics Co., Altadena, Calif., 
as vice-president and director of re- 


| search and engineering. 





© IATION 


— 
DETECTION 


FILM 
BADGE 
SERVICE 


e BETA-GAMMA_« NEUTRON 


Consistently 
Accurate 


HEALTH PHYSICS 
SERVICES CO. 


1109-13 Low St. - Baltimore 2, MD. 





Here’s how you can 
MERCHANDISE 


YOUR 
ADVERTISING 


with these handy 9” by 12” folders 


Keep your sales, management 
and distribution people informed 
on your advertising. Circulate pre- 
prints, reprints, schedules and 
other material in these folders, 
and make your advertising dollars 
work over and over for you. 

Write for illustrated folder 
and price list 
Company Promotion Dept. . . . Room 2710 
McGraw-Hill Publishing Co., Inc. 
330 West 42nd Street, New York 36, N. Y. 
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SCINTILLATION 
PHOSPHORS 


Nuclear Enterprises, pio- 
neers in scintillation count- 
ing since 1949, now offers 
the following types of new 
products for scintillation 
detectors. 


PLASTIC PHOSPHOR 


NE 102 


Varied applications include— 
® Blocks for human body counters. 
® Slabs for cosmic ray and fast particle 
detectors. 
@ Thin sheets for alpha and beta counting. 
® Cylinders for gamma and fast neutron 
detectors. 
This new plastic scintillator possesses ex- 
tremely high light output and short decay 
time, and combines superior performance 
and high counting speed with maximum 
efficiency and economy. 


BORON POLYESTER 
NEUTRON DETECTOR 
NE 400 


For new simplicity and efficiency in 
neutron detection. 

This is @ new boron polyester composi- 
tion containing ZnS (Ag) activator. It 
provides high detection sensitivity with 
an excellent nevtron to gamma response 
ratio. Supplied in thin discs with or 
without enriched B”’. 


OTHER NEW PRODUCTS 


@ Loaded liquid scintillators containing 
Pb for X-ray and high energy gamma 
sensitivity and Gd, B, or Cd. for 
neutron detection. 


® Scintillating gels for efficient internal 
counting of suspended materials. 


® Scintillation chemicals of highest purity. 


where research COUNTS 


enterprises lid. 


March 10-21 


March 17-21—Nuclear 


March 26-28 


March 31—April 2 


April 20-23 





1750 Pembina Highway 
WINNIPEG 9, CANADA 


Associate Co.: 
Nucleor Enterprises (G. B.) Lid. 


Bankhead Medway, Sighthill, Edinburgh 11, Scotland. | 
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NUCLEAR CALENDAR) 


| Jan. 27-28—Sixth Scintillation Counter 


Symposium, AEC, AIEE, IRE and 
NBS, Washington, D. C. (Shoreham). | 
Four half-day sessions at biennial 
symposium will cover these sessions: 
phosphor and Cerenkov scintillators; 
photomultipliers; energy and time res- 
olution; scintillation counter applica- 
tions. Films showing latest low-level 
counting techniques will be shown 
evening of 27th. Contact G. A. 


IF YOU'RE 
COMING 
TO THE 


oon Laboratories, re AtOM fair 


March 3-6—American Society of Me-| 


chanical Engineers’ gas turbine power | 
division conference and exhibit, Wash- | 
ington, D. C. (Shoreham). Contact | 
L. 8. Dennegar, ASME, 29 West 39 St., 


New York 18. 


Special two-week course | 
in veterinary radiological health, AEC | 
and ORINS, at Oak Ridge. Contact 

Maj. Max Nold, U. 8. Air Force 

Veterinary Corps, ORINS, P.O. Box 

117, Oak Ridge, Tenn. 


Congress will 
include four events, at International | 
Amphitheater, Chicago: A. Fourth | 
Nuclear Engineering & Science Con- | 
gress (EJC), running all five days. 
Contact congress manager, American | 
Institute of Chemical Engineers, 25 
West 45 St., New York 18. 8B. Atomic 
Industrial Forum Atom Fair, all five 
days, contact J. V. Friel, 304 Archi-| 
tects Bldg, Philadelphia 4. C. Sixth | 
Hot Laboratories & Equipment Con- 
ference, 19-20th; contact Frank Ring, | 
Jr.. ORNL, Oak Ridge, Tenn. D.}| 
Sixth Atomic Energy in Industry 
Conference, National Industrial Con- | 
ference Board, 17-19th; contact John | 
J. McMahon, 460 Park Ave., NYC. | 


March 24-27—National Convention 


IRE, New York (Waldorf, Coliseum). 
275 papers in 55 sessions. Contact 
E. K. Gannett, IRE, 1 E. 79 St., New 
York 21. 


20th meeting, American | 
Power Conference, Chicago (Sher-| 
man). Contact R. A. Budenholzer, | 
Illinois Institute of Technology, 3300 
Federal St., Chicago 16. 


Conference on uti- 
lization of atomic energy, Texas 
A. & M. College, College Station, Tex. | 
Will cover reacters, isotopes, waste 
disposal, petroleum applications, edu- 
cation. Contact R. E. Wainerdi, | 
Texas A. & M., College Station. 


Canadian—U. 8S. chemical | 
engineering conference, American In- | 
stitute of Chemical Engineers and | 
Chemical Institute of Canada, Mon- 
treal. Contact H. R. L. Streight, 
DuPont Co. of Canada, PO Box 660, 
Montreal, Quebec, Canada. 


May 27-29—Third annual reactive 


metals conference, American Institute 
of Mining, Metallurgical and Petro- 
leum Engineers, Buffalo (Statler). | 
Contact S. F. Urban, National Lead | 
Co., Buffalo, N.Y. 


. . » RIDL's Special Radiation 
Spectrometry Clinic will give you @ 
convenient opportunity for some real 
work on your own radiation analysis 
problems. The clinic, to be held right in 
the RIDL Development Center only a 
ten minute trip from Atom Fair Head- 
quarters, will be open on all five days 
of the fair, March 17 through March 
21. Special sessions will cover all 
phases of analyzer operation, 
application and maintenance in 

detail. Here is your chance to: 


* compare and discuss radiation 
analysis techniques with other leaders 
in the field. 

* check on efficient, accurate 
analysis procedures and maintenance 
short-cuts that can speed up 

your projects. 

* review the latest methods and 
instrumentation, including new 
transistorized equipment. 


Actual demonstrations, problem 
solving and special applications will 
be featured. The clinic has been set 
up to give you specific help with your 
work in radiation analysis. 


BE SURE TO WRITE FOR COMPLETE 
DETAILS . . . LET US KNOW YOUR MA- 
JOR AREA OF INTEREST SO THAT WE 
CAN ADVISE YOU OF TIMES AND SUB- 
JECT MATTER THAT WILL APPLY. 


Radia tion 
nitrument 


Developmen f 


aboratory 
inc. 
5737 South Halsted Street 
Chicago 21, Illinois 
Telephone: WEntworth 6-2345 
Representatives in major cities 





NEWSMAKERS 


Nuclear Materials and Equipment Cor- 
Leonard J. Koch fills the newly-created 


poration now introduces to the reactor ‘ 

REACTOR materials industry a standard of | Post of deputy director, Reactor Engi- 
consistent high quality, established by neering division, at Argonne National 

NUMEC’s highly experienced staff of | Laboratory. Formerly associate di- 

QUALITY scientists and engineers who have par- | rector of the division, Koch, 37, has 
— ticipated in the design, development | worked at Argonne for almost ten 
= and fabrication of nuclear reactors. years. He was associate project engi- 
neer for EBR-1, and is now project 

manager for EBR-2, a post he will 


MATE R IALS AN D § E RVI ( ES en 
Vitro International, a new operating 


company with headquarters in Switz- 
erland, has been 


FOR REACTOR FABRICATORS = =... 


to represent all 
Vitro operations 
overseas. Norman 
NUMEC MATERIALS A. Spector, victe- 
president of Vitro 
Corp., retires from 
that post to be- 
come president of Vitro International. 


e Uranium oxides, compounds, metal and alloys 
@ Control materials, including silver-cadmium-indium alloys 
@ Special dispersions, ceramics and cermets 


ee NUMEC FABRICATION Ralph L. Brown, former assistant sales 
* manager of Vitro Engineering Co., will 


be vice-president of the overseas 
company based in Switzerland. The 
new unit is Vitro’s ninth operating 


@ Uranium oxide and thorium oxide pellets 
e@ Fuel assemblies 

@ Control rods 

@ Matrix boxes 

e Irradiation specimens division. 


NUMEC SPECIAL SERVICES Edward R. Trapnell of the nuclear 


am 


energy division at Bozell & Jacobs has 


e Vacuum and inert atmosphere arc and induction melting f vig 
taken a leave of absence to join the 


e Brazing of zirconium 
e@ Machining of fuel, cladding and control materials staff of the International Atomic Ener- 
e Inert gas welding gy Agency, and has already left for 
e Recovery of unirradiated fuel, cladding and control scrap Vienna. He will work under Director- 
e Corrosion-testing General W. Sterling Cole on the 
@ Instrumental and wet chemical analysis Agency’s public information program. 
¢ Metallography Trapnell has been an atomic energy 
@ Mechanical and physical testing of metals, ceramics and cermets , 





public information specialist since his 
@ Leak detection Manhattan District service. 
@ Consultation on material problems 
‘4 Phillips Petroleum Co.’s atomic ener- 
NUMEC EQUIPMENT gy division has added physicists James 
¢ Cathodic vacuum etchers ; Cline from the Univ. of Michigan and 
e Vacuum and inert gas arc melting furnaces Park French from Case Institute: re- 
@ Vacuum and special atmosphere furnaces 
@ Inert gas welding chambers 
e High vacuum valves and fittings 
e Rotary vacuum seals 


actor engineer Don L. Olson from the 
Univ. of Utah; and health physicists 
Gile M. Mitchell from Western Mon- 
tana College of Education and Richard 


MATERIALS RESEARCH AND DEVELOPMENT L. Van Tuinen from the Univ. of Oregon. 


i oe 
Leonard E. Link of Argonne, associate 


‘Mines Reactor Quality is guaranteed by the industry’s most ad- 
chemical engineering in the Reactor 


vanced materials testing and analytical facilities. For more infor- 


mation on Numec materials and services, call or write Engineering division, has spent a 


month in Turkey to advise the Turkish 
government on its nuclear planning, 
including specifications and site se- 
lection for Turkey’s first research 
reactor. 


NUCLEAR MATERIALS AND EQUIPMENT CORPORATION  ...:ciy set up the post of director of 


TEL: GROVER 2-8411 - APOLLO 3,PA. . caste “Numec” the new Nuclear Information division 
122 January, 1958 - NUCLEONICS 





in the State’s Department of Economic 
Development, and named to it Robert 
H. Solomons Ill, a former newspaper- 


man more recently information officer 


at AEC’s Oak Ridge Operations Office. 


iieniiie has been associated with the 
atomic energy program for six years. | 
| FIFTY-FIVE 


C. A. Benz is head of Peter F. Loftus | 


Corp.’s new Nuclear Engineering de- DEMONSTRATION EQUATIONS 


partment. 


Atomics Associates Inc. has added SOLVED BY 
Theodore Voutselas and William L. 


Waits to its staff. ‘THE ENGINEER'S 
Theo K. Bierlein and Bernard Mastel, COMPUTER" 


General Electric metallurgists at the 
Hanford atomic works, were named | 
ioint winners of the $500 F. F. Lucas | 
wward for their electron micrographs of | 
zircaloy-2. 
Martin Goland, vice-president of South- 
west Research Institute, San Antonio, 
xas, has taken on the additional | 
es of director of the Institute. 
LITTON DiGiTaL DIFFERENTIAL ANALYZERS are designed to solve, with a minimum 
T. G. Pickavance has been chosen to| of programming effort, those problems generally arising in the fields of engineering 
be first director of Britain’s Rutherford | and mathematics. The remarkable insight you obtain with these accurate, versatile 
High Energy Laboratory, being built | incremental computers is an experience reported to us again and again. /nsight into 
ent to Harwell by the National | the problem stems partly from your own programming, partly from the continuous 
rapport you have with the problem as your uniquely personal mathematical tool 
solves for you. The Litton DDA plugs into any standard 110-volt outlet. You need 
| only a few hours of coaching from us to grasp the programming for — 


adja 
nstitute for Research in Nuclear | 
| 


Olin Mathieson Chemical Corp. has | 
. Solution of linear and r near differential equa Jacobi Elliptic Functions, Sturm-Liouville Equa- 
1amed assists ren- : , 2 
nam a & Wommack asian BEN | tions including those containing transcendental tion, Hypergeometric Function, and Legendre 
eral manager ol the Nuclear Fuel divi- | functions. Functions 
sion, to direct the production, techni- | Solution of algebraic and differential equations in Performance of logical switching functions, such 
: : omplex yles, including conformal ing as intro tion of step functions, ramp fun 
al and quality control departments. saatiegas bicneneoae , ee ee BS CREME GF SED SURCRON D, SEE ater 
. Sinnstitins-of niente namical systems limiting, and mode of operation switching 
With Olin since 1950, Wommack has Multinticntion end daiatén of vetebine. ete. aie. 
' ral manager of the chemical Generation of any standard algebraic, trigono- 
general manager O 16 chemica metric, or inverse trig netric function CAPACITY: Mode! 20—20 Digital integrators 
bo dactene ‘ ac } ivis Mode! 40— 40 Digital integrators 
and industrial manufacturing division | 6, eration of the special functions of mathe- eg 
> . . n ow 5 > y 
of the Oln Mathieson International matical physics which can be expressed as solu- ACCURACY: Up to 1 part in 2" (to 5 decimals) 
tions of differential equations. These include the COST: Model 20, $12,800 — Mode! 40, $16,800 


peen 


Corp. 





Denton Massey, general manager of | 
AMF Atomics (Canada) Ltd. since} 


1956, has been elected a vice-president | LITTON I N D U STR | E S 


und director, and continues as general | 
| ELECTRONIC EQUIPMENTS DIVISION 


manager ; Roy B. Snapp, divisional vice- | i ; ; 
president of AMF Atomics, and 8. V. 336 North Foothill Road + Beverly Hills, California 


Elliot, general counsel of the company, 

| LITTON 20 & LITTON 40 DIGITAL DIFFERENTIAL ANALYZER LITTON GRAPH PLOTTER LITTON GRAPH 
; PLOTTER/ FOLLOWER LITTON PAPER TAPE PUNCH/READER LITTON DIGITAL TO ANALOG CONVERTER 
Hans Eduard Band, formerly with} 


=e # r 
MIT’s Lincoln Laboratory, General | ; 


Electric, and Melpar Inc., has been | Please send me, without obligation, specifications on the Litton 
20 & 40 DDA 5s, plus a tabulation of 55 demonstration equations. 


also were elected directors. 


named to the research staff of Techni-| 


cal Operations Inc.’s laboratory head- nie 


juarters at Burlington, Mass. COUPON 
Company 
TODAY! Street 








| 
| 


Tracerlab Inc. has named Robert S. 
Schmidt district sales manager for nine | 
Western states, Alaska and Hawaii, | 
with headquarters in Richmond, Calif. 
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EMPLOYMENT OPPORTUNITIES 
a  &3} << oo ee 


e 


ENGINEERS @ SCIENTISTS 


D | G Pressurized Water Reactor Being 
Developed at Knolls Atomic Power Laboratory 


Staff Positions for Experienced Men Open 
on Destroyer Nuclear Power Plant Project. 


REACTOR CORE DESIGN: Analysis of core structural design. Includes 
analysis of stresses (Mechanical and thermal) shock and vibration, and 





structural design criteria. No experience requred for PhD in applied 
mechanics—-BS, MS applicants need related experience. 


CORE MATERIALS DEVELOPMENT: BS or MS for evaluation and analysis 


of solid state reactions of fuel and controls materials; development of 





, materials.fabrication processes. 


POWER PLANT ENGINEERING: BS or MS for development, design and 


preliminary analysis of nuclear power plant. systems and equipment; 





determination of instrumentation requirements. 
REACTOR PHYSICS: MS or PhD for nuclear analysis of reactor behavior 
using analytical and machine computational techniques and design; per- 


formance and evaluation of reactor critical experiments. 


ADVANCED DEGREE PROGRAM 


The liberal, flexible educational assistance program at Knolls, including a work 
study plan leading to the MS degree of Rensselaer Polytechnic Institute (next 
session begins September, 1958) makes it possible fo master the nuclear applica- 


tion of a specialty after joining the Knolls staff. 


U. S. CITIZENSHIP REQUIRED. 


Please address inquiries in full confidence to Mr. A. J. Scipione 


~~ Knolls Alomie Power Laboratory 


PERATED FOR AEC BY 


GENERAL @@ ELECTRIC 








PHYSICIST 


SENIOR STAFF POSITION ‘PROFESSIONAL | 


Primary responsibility to supervise 
routine isotope laboratory and some SERVICES 
resident training. Research is encour- 


aged and supported. Desire experience 








in clinical uses of radioisotopes. PhD. 





preferred, not essential, Salary de- 
pendent upon qualifications. For ap- 
plication or further information, John MacPhee 
please write: 
Dr. J. S. Laughlin 
Department of Physics ORSORT Graduate oe 


Memorial Center for Cancer and 
Allied Diseases Licensed PE Rowayton, Conn. 


444 East 68th Street, New York 21, New York VOlunteer 6-2139 





Nuclear Engineer 














REPLIES (Box No.): Address to office nearest you 
c/o This publication Classified Adv. Div. 
NEW YORK: P. O. Box 12 (36) 
CHICAGO: 520 N. Michigan Ave. (11) 
SAN FRANCISCO: 68 Post St. (4) 


Position Vacant 


Physicist and a Mechanical Engineer for teaching 
and research. Excellent opportunity. Textile knowl- 
edge not necessary. Salary and rank open. Reply 
H. A. Dickert, Director, A. French Textile School, 
Georgia Tech, Atlanta, Georgia 


Position Wanted 


Several Hanford trained Radiation Monitors are in- 
terested in positions in Radiation and Contamination 
Control or related fields. Resume of experience and 
recommendations can be furnished. Write P.O. Box 
702, Richland, Washington 


Europe—Vienna, Sales and public relations expert in 
nucleonics and electronics, available. US citizen, 
multi lingual, with high level scientist and technical 
associates and representative offices near the seat of 
the International Atomic Energy Agency! Suitable 
for European headquarters. Free to travel. Please 
write, stating your detailed proposal to: T, J. 
Winkler, Ziehrer Pl. 7, Vienna III, Austria 


Architect-Engineer (Nuclear) licensed AIA-ANS, 
experienced nuclear facility design for research and 
power reactors, critical facilities, hot labs, research 
center master-planning. Desires foreign consulting, 
facility design supervision, or reactor construction 
assignment Europe. Will consider other areas, 
PW-6783, Nucleonics 


Books and Periodicals 


12-20% Discount on Technical Books Plus Liberal 
Yearly Dividend. Pic-a-Book, Box 4561, Washing- 
C 


|} ton 17, D 





For Rates or Information 
About Classified Advertising 
Contact The McGraw-Hil/ 

Office Nearest You. 


ATLANTA, 3 
1301 Rhodes-Haverty Bidg. 
JAckson 3-6951 
M, MILLER 
BOSTON, 16 
350 Park Square 
HUbbard 2-7160 
J. WARTH 
CHICAGO, 11 
530 No. Michigan Ave. 
MOhawk 4-5800 
W. HIGGENS 
CINCINNATI, 37 
2005 Seymour Ave. 
ELmhurst 1-4150 
F, ROBERTS 
CLEVELAND, 13 
1164 Illuminating Bidg. 
SUperior 1-7000 
W. B. SULLIVAN 
DALLAS, 1 
901 Vaughn Bidg. 
Riverside 7-5117 
G. MILLER 
DETROIT, 26 
856 Penobscot Bidg. 
WOodward 2-1793 
J. GRANT 
LOS ANGELES, 17 
1125 W. 6th St. 
MAdison 9351 
R. YOCAM 
NEW YORK, 36 
500 Fifth Ave. 
OXford 5-5959 
R. OBENOUR, D. COSTER, R. LAWLESS 
PHILADELPHIA, 3 
17th & Sansom St. 
Rittenhouse 6-0670 
R. EDSALL, H. BOZARTH 
ST. LOUIS, 8 
3615 Olive St. 
JEfferson 5-4867 
F. HOLLAND 
SAN FRANCISCO, 4 
68 Post St. 
DOuglas, 2-4600 
R. C. ALCORN 
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in EKingineering 











The EBR-II pyrometallurgical fuel processing plant showing: 
1) Remotely operated, shielded reprocessing cell (2) Central 
control room (3) Annular control area (4) Sub-assembly cell 
(5) Fuel coffin handling area (6) Labs and supporting facilities. 





A unique pyrometallurgical reprocessing system which keeps 

the fissionable material in the metallic state will be integrated 
into Argonne’s Experimental Breeder Reactor II Plant in Idaho. 
This system will be operated and maintained entirely by remote 
handling equipment. Here the highly radioactive spent fuel 

will be cleansed of the bulk of the fission products, reenriched, 
and fabricated into new fuel elements for return to the reactor. 
In the past, reprocessing of nuclear fuels has been separated 
from the reactor plant design and involved many chemical 
conversions. The design and development of this new fuel cycle is 
a joint effort of the Chemical Engineering, Metallurgy, Reactor 
Engineering, and Remote Control Engineering Divisions. 


Inqutries are 
Ve OWVLC invited from highly 
qualified scientists 


NATIONAL LABORATORY and engineers 
Operated by the University of Chicago under for permanent 
contract with the United States Atomic Energy Commission positions requiring 
Professional Personnel Office imagination and 
P.O. Box 299, Lemont, Illinois initiative 
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SPECIFICATIONS AND PRICES 





FLUX 
600 R/hr 
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MODEL 
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Write office nearest you for detailed information 
regarding tracers and/or counting equipment 


manufactured by 


MEE” ISOTOPES rains INC. 


a subsidiary of nuclear corporation of america 


SALES OFrFices 


Nuclear Corp. of America Mid-America Sales Division 
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FRANKLIN 
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| Franklin Model 376 Gives Wide Dynamic Range 
Eliminates Scale Changing ! 
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minute 

@ STABILITY—short term drift—less than 
1%/12 bes. 
Long term drift—less than 3%/week 


@ RANGE—S5 log decades; 10 to 10 counts / 
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@ READOUT—built-in 5"' rectangular meter; 
5 decade log scale 

@ CALIBRATION SOURCE—built-in pulse 
generator; 6 frequencies 


@ ACCURACY—each decade + 2% of 


Franklin also manufactures Linear 
Amplifiers, Decade Scalers, Pulse Gen- 
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For Information On Any Of These Instruments Write Dept. 376 
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THIS MAN HAS FIVE NAMES 
YET HE REPRESENTS 
A SINGLE SOURCE FOR ALL YOUR 


RADIOISOTOPE NEEDS 


The Atomic Associates man is your representative 
for instrumentation, radiochemicals and accessory 
equipment of the highest quality. He is a qualified sales 
engineer with a broad professional background in the 
radioisotope field. 

The a sales engineer can competently evaluate the 
requirements of your program. He can furnish—from 
a complete selection of radioisotope instrumentation, 
equipment and materials—everything required to meet 
your needs most efficiently. 

We invite your inquiry regarding technical sales 


and assistance. 
atomie 


Ad associates, ine. 


New York, Boston, Pittsburgh, Philadelphia, Dallas, Washington, D.C., 
Los Angeles, San Francisco, Atlanta 
sales representatives for: 
Baird-Atomic, Inc. 


New England Nuclear Corp. 

Packard Instrument Company, Inc. 
Atomic Accessories, Inc. 
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ADVANCED 
RADIOACTIVITY 
7-Ou 9-6 Op G—) 

| 5-3 5103 59-4 OC). 4 


FEATURES 


1 MICROSECOND RESOLVING 
TIME 


BUILT-IN AMPLIFIER WITH 
SENSITIVITY OF 1 MV 


SEPARATE SUPER-STABLE 
HV POWER SUPPLY 
5000 V. optional 


ELECTRONIC TIMER 


6-DECADE COUNTING CAPACITY, 
ALL ELECTRONIC 


PREMIUM COMPONENTS 
FOR RELIABILITY . 

- 2. ‘a 
Baird -Atomic Wnieriily Sere 


PROVIDING COMPLETE SYSTEMS FOR SCINTILLATION, 
PROPORTIONAL and GEIGER COUNTING 
THE ULTIMATE IN SENSITIVITY, RELIABILITY AND SPEED FOR 
RADIOACTIVITY ANALYSES 


The B-A University Series Advanced Laboratory is completely new in design and capabilities and is the most 
complete and most versatile radioactivity analysis laboratory available in the field of research today. It is capable 
of performing all types of gas and scintillation counting of alpha, beta, gamma and x-rays with ease and precision. 
The University Sezies Advanced Laboratory is completely versatile in that three different detectors can be 
used with the same fundamental system. With these three detectors, the laboratory has the capacity to handle 
the most highly specialized radioactivity analysis problems encountered in industrial or research applications. 
All component instruments have been precisely matched and tested to attain complete compatibility and relia- 
bility. Each of the Systems of the Advanced Laboratory contain these University Series instruments: Model 134 
One Microsecond Glow Tube Scaler, Model 630 Glow Tube Timer and Model 212 General Purpose Proportional 
and Scintillation Amplifier. The choice of high voltage supply and detector depends upon the analytical method 
employed. Each instrument is unsurpassed in stability and scope. 
The University Series Advanced Laboratory is available as follows, for: 
SCINTILLATION COUNTING — University Series Scaler, Timer and Amplifier with Model 312 “Super 
Stable” High Voltage Supply and Model 810 Improved Scintillation Detector. 
PROPORTIONAL COUNTING — University Series Scaler, Timer and Amplifier with Model 319 5KV 
(or Model 318) High Voltage Power Supply and Model 821B Microthin End Window Flow 
Counter, in Model 800D Shield 
GEIGER COUNTING — University Series Scaler, Timer, and Amplifier with Model 318 High Voltage Power 
Supply, and the Model 821B Flow Counter or any sealed geiger tube, in Model 800D Shield 
Add the following accessories to provide complete facilities for.all researchers: B-A Model 410 Counter Rate 
Meter and Geiger Tube, the 1225 Beta Sources, 1230 Gamma Sources, LC2 Carrying Case, and the Model 414 
Single Scale Logarithmic Gun type survey meter. 








See our Atomic Instruments at Booth 16, the American Institute of Physics Meeting 
and Exhibit January 29-February 1, Hotel New Yorker, New York City. 
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Peal ATIONAL NUCLEAR GRAPHITE 


TRADE MARK 


Nuclear scientists used “National” Nuclear Graph- 
ite in the first reactors because of its excellent 
moderating properties and low neutron cross- 
section. Scientific data, collected since the initial 
installation, have demonstrated that the over-all 
properties of “National” Nuclear Graphite make 
it.still the best moderating material today. 

Its low cost, safety, easy machinability and 


The terms “National” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


, Molds and Crucibles 


high refractory qualities make “National” Nuclear 
Graphite an indispensable structural material. 
By adding boron in small percentages, graphite 
becomes ideal thermal neutron shielding material. 
Whatever your needs .. . extreme purity, unique 
shapes or sizes, high or low density, large quanti- 
ties, ready availability ...see National Carbon, the 
nation’s most experienced graphite producer. 
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NATIONAL CARBON COMPANY ~« Division of Union Carbide Corporation +- 30 East 42nd Street, New York 17, N. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. Jn Caada: Union Carbide Canada Limited, Toronto. 











